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A CYTOCHBMICAL STUDY OF THE KESPONSES 
OF TPIE ADEENAL COETEX OF THE EAT 
TO THIA^illNE, EIBOFLA'^HX, AND 
PYEEDOXINE DEFICIENCIES 

HELEX ■S\^NDLER DEAXE AND JAMES H. SHAW 

T)cparlmcnt of Anatomy, Jlarvard Medical School, and Harvard School of 
Denial Medicine, Boston, Massachusetts 

rOUP.TEEK FIGURES 

(Received for publication February 13, 1947) 

Tlie current concept of adrenal physiology is that at least 
2 types of hormones are elaborated in the adrenal cortex. 
The first of these, which may he described in terms of its 
prototype desoxycorticosterone, regulates the concentration 
of electrolytes in the tissues and is apparently elaborated in 
the glomerular zone of the adrenal cortex. The second, the 
prototype of which is corticosterone, controls gluconeogenesis 
and appears to he secreted by the cells of the zona fasciculata. 
The first of these hormones does not seem to he regulated im- 
portantly by the anterior pituitary gland, whereas the second 
is (Swann, ’40; Deane and Creep, ’46). Therefore, the obser- 
vation that pantothenic acid deficiency caused enlargement of 
the adrenal gland, accompanied by a reduction in the steroid 
content of the fasciculata and by a decrease in weight of the 
thymus (an index of pituitary-adrenal activity), suggests that 
an effect of the vitamin deficiency had been to stimulate an 

^ This worlv was done in part under a grant to the Department of Anatomy from 
the American Cancer Society on the recommendation of the Committee on Growth 
of the Xational Eesearch Council. 

® arc indebted to Merck and Company, Inc., Kahway, X. J., for the eiy'stalline 
vitamins used in these studies. 
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excessive secretion of corticosterone and its honiologues 
(Deane and McKibbin, ’46). Such a response is entirely com- 
parable to tbe production of tbe adaptation syndrome of 
Sclye (’46), in wbicb physiological stress leads to a homeo- 
static increase in tbe activity of the pituitary and adrenal 
glands. 

Since pantothenic acid deficiency thus alters the activity of 
the biological mechanism which regulates gluconeogenesis, it 
seemed possible that this alteration might be a reaction to a 
disturbance in carbohvdratc metabolism. Therefore other dis- 
turbances in carbohydrate metabolism might cause the same 
effects. To test this possibility, deficiencies in thiamine and 
riboflavin, known to be constituents of coenzynies for the 
oxidation of carbohydrates, were studied as well as a deficiency 
of pyridoxine, believed to regulate transamination (Hawkins, 
MacFarhnid and IMcHenry, ’46). After the first experiment 
had shown that thiamine deficiency rapidly activated the pitu- 
itary-adrenal-thymus system, the study was extended to deter- 
mine whether the response was caused by the vitamin 
deficiencj’ per se or by the partial inanition induced by the 
deficiency. 

hateeial and methods 

For the first experiment, 20 young male rats of the Long- 
Evans sti’ain were used. Seven controls were fed a purified 
diet (table 1) essentially similar to that employed by Deane 
and McKibbin, but with the addition of p-aminobenzoic acid, 
inositol and biotin in an attempt to prevent the fatty infiltra- 
tion of the liver observed in the control animals of the previous 
investigation. Five rats were maintained on this purified 
ration lacking thiamine, 4 on the ration lacking riboflaviu, and 
4 on the ration lacking pyridoxine. Control and deficient ani- 
mals were killed together at intervals according to the severitv 
of the deficiency signs (table 2). The rats were killed in the 
forenoon, when glycogen. is normally present in the liver and 
its quantity may be judged. 

For the second experiment, 20 young male rats of the 
Long-Evans strain were distributed in groups of 4 according 
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to veiglit. Of each group, 1 was feci (be tbiainiiie deficient 
diet (TD) and the other 3 were fed the control purified diet. 
One of the controls was paired with the deficient rat so that 
its weight was similarly restricted (AAT?), and the second had 
its food intake restricted (IB) to that of the deficient. The 
third was permitted to eat ad libiinm (AL). Groups were 
killed at the end of 1, 2 and 3 weeks. 

table 1 


of complete purified f7icf. 


BASAL MIXTTjEE 


VITAMIXS AND OTHER Ft’rPLEMEKTS 


Sucrose (gm) 

67 

Tbiaminc'IICl 






(z'g) 

250 



Casein, purified ' 


Pjridoxinc-HCl 


Clioline chloride 


(gw) 

24 

(Mg) 

250 

(mg) 

100 

Salt mixture ■ (gm) 

4 

Eiboflavin (Mg) 

300 

Inositol (mg) 

100 

Corn oil (gm) 

5 

Xiacin (mg) 

2.5 

Irradiated 






ergosterol (I.U.) 

310 



Ca-pantotlienato 

(mg) 

p'aminobenzoie 

2 

a-tocopherol (mg) 

5 



acid (mg) 

30 

/3-carotene (mg) 

1.1 



Biotin (^g) 

40 

2-methyl, 1,4-naphtho- 






quinone (Mg) 

600 


"SAIA. 

* Phillips and Hart, 


At autopsy the paired adrenals and the thymus of each 
animal were weighed on a Roller-Smith precision balance. 
The adrenals and pieces of liver were then fixed in 10% 
neutralized formalin for lipids and in Maximow’s Zenker- 
formalin for mitochondria. In addition, in the first experiment, 
pieces of liver were fixed for glycogen in Eossman’s picro- 
alcohol-formalin. 

For the cytochemical demonstration of lipids, the formalin- 
fixed blocks were cut on a freezing microtome at 1.5 p. Prom 
each block 1 section was stained with sudan IV and Harris’ 
hematoxylin, another with sudan black B, and a third by the 
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Scliiff plasinal method. A fourth section was mounted un- 
stained, and a fifth was extracted with acetone before mount- 
ing. The latter sections were viewed on the polarizing and 
fluorescence microscopes for substances which are birefring- 
ent, possess a greenish-white aulotiuorescence, and are acetone- 
soluble. Any acetone-soluble, sudanopbilic material wbicb is 
also Schiff-positive, birefriiigent and autofluorescent may be 
considered a ketosteroid, since no other single class of sub- 
stances gives all of these reactions (Dempsey and Wislocki, 
’46). 

For mitochondrial preparations the kfaximov-fixed blocks 
were postchromated for 3 days at 37°C., sectioned in paralfin at 
3 g, and stained with Mallory’s phospbotungstic acid hematox- 
ylin. To demonstrate liver glycogen, the pieces fixed in Boss- 
man’s fluid were sectioned in paraffin at 5 m and stained by 
the Bauer-Feulgen technique (Bensley, ’39). 

OBSEEVATIONS 

Deficiencies of thiamine, riboflavin, and pyridoxine 

Weight changes. Table 2 loresents the changes in the weight 
of the rats and the proportional weights of their thymuses 
and paired adrenals in the first experiments. The controls 
grew steadily and well on the purified diet. The thiamine 
deficient rats ceased to gain weight by the end of the second 
Aveek, were losing weight by the end of the third, and Avere 
beloAv their initial Aveigbt and moribund after 4 Aveeks on the 
diet. The rats deficient in riboflavin and in pyridoxine con- 
tinued to gain Aveigbt at a sIoav rate throughout the experi- 
mental period of 10 Aveeks, never becoming moribund. The 
only period of marked illness in these 2 groups occurred be- 
tAveen the second and fourth Aveeks, after AA^bicli there Avas 
some regression of the acuteness of the signs of their 
deficiencies. 

In the control group, the Aveigbts of the paired adrenals and 
of the thymus gland drop gradually in relation to body weight, 
as is characteristic of normal ageing (Korenchevsky, ’42). 
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In tliianiine deficiency, on the otlier ]iand, a progressive in- 
crease in the relative weight of the adrenals occurs during the 
experimental period of 4-1 iveeks, and the atrophy of the 
thjnnus is far more rapid than normal. In the absence of 

T^VBLE 2 

Bata on rats fed diets deficient in thiamine, or riboflavin, or pyridoxinc 
and their controls. 


diet 

AKI* 

MAD 

WEEKS 
OX PIET 

IXITIAIi 

WT. 

PEAK 

WT.* 

TEEM 

WT. 

'WT. 

CnAXGB 

.\DnE- 

XAD 

rp.op,= 

THYMUS 

PROP.* 




om 

f/m 

f7»t 

put 

mp/ 200 ptit 

Control 

A 

3 

G2 

140 (21d) 

140 

-f 78 

16.2 

260 


B 

3 

5G 

138 (21d) 

138 

+ 82 

21.3 

402 


C 

4 

56 

166 (28d) 

166 

-f 110 

23.5 

332 


D 

G 

56 

198 (423) 

198 

-F 142 

14.5 

234 


E 

8 

74 

258 (56d) 

258 

-f 184 

15.1 

236 


P 

10 

70 

241 (70d) 

241 

-f 141 

13.5 

155 


G 

10 

49 

229 (70d) 

229 

-f ISO 

14.2 

92 

Tliianiine 

A 

3 

92 

130 (14d) 

112 

-r 10 

27.1 

61 

deficient 

B 

3 

94 

135 (14d) 






C 

O 

•J 

72 

102 (14d) 

72 

0 

29.8 

124 


D 

4 

97 

143 (14d) 

93 

.— 4 

38.6 

27 


E 

44 

102 

139 (14d) 

94 

— 8 

38.4 

62 

Piboflavin 

A 

3 

57 

77 (14d) 

65 

+ 8 

30.9 

169 

deficient 

B 

6 

57 

76 (42d) 

76 

+ 19 

26.0 

47 


C 

8 

73 

99 (56d) 

99 

+ 26 

18.8 

117 


D 

10 

73 

133 (G3d) 

132 

+ 59 

16.8 

148 

Pyridoxine 

A 

3 

42 

67 (21d) 

67 

+ 25 

25.8 

51 

deficient 

B 

6 

44 

83 (24d) 

70 

+ 26 

32.6 

42 


C 

8 

46 

114 (56d) 

114 

+ 68 

22.8 



D 

10 

42 

123 (70d) 

123 

+ 81 

18.2 

86 


* Data in parentheses give day when their maximum weight was attained. 
" Proportional weight. 


riboflavin or pyridoxine from the diet, however, the adrenals 
remain relatively large up to 6 weeks and then become smaller. 
Riboflavin deflciency causes little change in the thymus gland, 
whereas pyridoxine deflciency results in considerable atrophy. 
Thus the 3 deflciencies studied produce entirely different pat- 
terns of response in the adrenals and thymus. 
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Histological results, a. Controls rats. In all conlrols, the 
adrenal cortex presents the normal picture. Four zones are 
distinguishable by the organization of the cells and by their 
lipid contents. The subcapsular zone, or gloinerulosa, is 
composed of loops of cells filled with moderate sized, deeply 
staining sudanophilic droplets (fig. 1) which arc, in addition, 
acetone soluble, SchiiT-positive (fig. 4), aulofluoreseent, and 
birefringent (fig. 8). Here the birefringent particles are 
crowded and usually both coarse and fine in size. (The work 
of Weaver and Nelson (’43) indicates that small particles are 
in the process of being released from the cells, whereas the 
coarse ones are storage material.) There follows a nari’ow, 
fat-free transitional zone. Then comes the zona fasciculata, 
comprising long cords of cells separated by narrow sinusoids. 
On the basis of lipid content this zone may be divided into 2 
sections — a broad, outer region in which the cells are swollen 
with small, pale sudanophilic droplets and a narrower, inner 
region in which lipids are greatly reduced in amount. The 
lipid droplets of the fasciculata contain ketosteroids as evi- 
denced b}’’ the battery of histoebemical tests. The birefringent 
material is sparser here than in the gloinerulosa, especially in 
the younger animals, and consists of scattered coarse particles 
with many fine ones intermixed. The cords of cells are some- 
what disorganized immediately adjacent to the medulla (zona 
reticularis), and the sinusoids anastomose into larger vessels. 
Here the cells contain sudanophilic droplets of irregular size 
which fail to display all of the ketosteroid reactions and 
probably may be considered to be triglycerides. 

Mitochondrial preparations of the adrenals of these rats 
likewise present the normal picture. These organelles are fine 
granules in the glomerulosa, slightly larger spheres in the 
outer fasciculata, and again small granules in the inner fas- 
ciculata and reticularis (Deane and Greep, ’46, figs. 22 and 23) 

The livers of some of these rats exhibit some fatty infiltra- 
tion but far less extremely than with the previous diet (Deane 
and McKibbin). Very little infiltration occurs bj’' 6 weeks, but 
a moderate accumulation is variably present by 10 weeks. The 
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fat occurs iu small clroi?lets in the central cells of the lobule, 
but it fails to present the ketosteroid reactions observed in 
the former investigation. Apparently the addition of more 
vitamins to the purified diet partially rectifies the conditions 
leading to a fatty liver. This may be due principally to the 
inositol, which is known to possess lipotropic activity (Best 
et ah, ’46). A moderate amount of glycogen occurs in these 
livers and appears mostly in the peripheral part of the lobule. 
The hepatic cell mitochondria are small and exhibit the usual 
zonation by being spherical in the cells at the periphery of the 
lobule, rod-shaped in the intermediate zone, and fibrillar and 
very light staining in the center. 

h. Thiamine deficient rats. The dietary lack of thiamine 
produces essentially the same alterations in the adrenal cortex 
of the rat that were observed in pantothenic acid deficiency. 
At 3 weeks the adrenal sections stained Avith sudans show an 
unchanged zona glomerulosa but a fasciculata containing less 
lipid than in the control preparations. Moreover, the fat-free 
transitional zone has disappeared. The Schitf reaction is in- 
tense in the glomerulosa but very faint in the fasciculata, 
where it is limited to the outer-most layers. A normal quantity 
of birefringent particles occurs in the glomerulosa, whereas 
in the fasciculata the birefringence is increased beyond the 
, normal amount. Autofluoreseence of usual intensity persists 
in the glomerulosal cells and in the outer half of the fasciculata. 
. At 4 and 44 weeks, although the lipid of the glomerulosa is 
of almost normal quantity and retains all of the ketosteroid 
characteristics, sudanophilia has virtually disappeared from 
the fasciculata (fig. 3). Furthermore, the small amount of 
residual lipid does not possess the ketosteroid reactions. 

MTiereas the mitochondria in the cells of the zona glomeru- 
losa in these adrenals are the usual small granules, those in the 
fasciculata differ distinctly from normal. They are greatly 
swollen, irregular in size within individual cells, and stain 
very slightly. 

The liver preparations for these animals exhibit the follow- 
• ing characteristics. Sudanophilic lipids are completely absent. 
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Glycogen is present in extremely small amounts. The pliospho- 
tungstie-acid hematoxylin jireparations reveal lhat the hepatic 
cells are smaller than normal and the mitochondria are sv'ollen, 
vesciciilated and irregular in size. 

c. Riboflavin deflcieni rats. The rats lacking riboflavin in 
the diet were killed at 3, 6, 8 and 10 weeks, I’espectively. The 
concentration and distribution of sudanophil lipids in the 
adrenals are within the usual range for all 4, and the keto- 
steroid tests are essentially normal, although the transitional 
zone has been obliterated (fig. 5). The quantity of birefringent 
particles is somewhat increased in the outer fasciculata. 
Paraffin sections of the adrenals, moreover, reveal that the 
fasciculata cells are smaller than normal but the mitochondria 
are spheres of the usual size. 

The livers of the riboflavin deficient rats display a fatty 
infiltration at 3 and 6 weeks which is considei-ably greater 
than that which occurs in the corresponding control rats. 
Moreover, the fat is concentrated in the iieripheral cells of the 
lobule and occurs in large-sized drops. It fails to give the 
ketosteroid reactions. By 8 and 10 weeks of deficiency, this 
fatty infiltration has disappeared. Glycogen is moderatelv 
concentrated in the liver cells and occurs chiefly near the 
central vein of the lobule. The mitochondria are normal. 

d. Pyridoxine deficient rats. The 4 rats fed the pju’idoxine 
deficient diet were killed at 3, 6, 8, and 10 weeks, respect ivelv. 
Cytochemically their adrenal cortices indicate some stimula- 
tion at 3 weeks which disappears later. Thus at 3 weeks, al- 
though the glomerulosa appears normal, the fasciculata and 
reticularis display an augmented amount of sudanophilic 
lipids which fill all of the cells to the border of tbe medulla. 
This lipid is Schiff-positive and moderately autofluorescent 
and the whole region contains crowded fine birefringent par- 
ticles. .At 6 and 10 weeks, however, the appearance of the lipid 
preparations is no different from that of the controls (fig. 6) 
The mitochondria are fine granules of normal appearance in 
all these adrenals. 
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Tlie livers of tlie pyridoxine deficient rats are uniformly 
free of liistologicallj' demonstrable fat. They exhibit a moder- 
ate concentration of glycogen whieli is greater at the periphery 
of the lobule than at the center. The mitochondria arc entirely 
normal. 

Comparison of reactions to thiamine dcficiencij and 
to inanition 

Weight changes. Five groups of 4 young male rats each 
were compared for the effect on the adrenal cortex and thymus 
of thiamme deficiency and comparable degree of inanition. 
Inspection of table 3 reveals that the deficient rats (TD) 
ceased gaining weight on about the eleventh day, the weight 
restricted (W'R) rats on the twelfth, and the intake restricted 
rats (IK) about a day later. The ad lihituni controls (AL) 
gained steadily and well. The adrenals of the deficient rats 
weigh proportionately most and their thymuses least; the 
weight restricted and intake restricted rats have large adre- 
nals but larger thymuses ; and the controls have the smallest 
adrenals and the largest thymuses. At 3 weeks the response 
seems to he most marked for group C, which comprised the 
youngest and smallest rats. 

Histological residts. a. Control rats. The 5 control I'ats 
(AL) all display normal adrenal cortices such as have been 
described above (figs. 7 and 8). Their livers contain only 
occasional fatty cells and present no other histological ab- 
normalities. 

h. Thiamine deficient rats. The rats fed the thiamine defici- 
ent diet (TD) show a progressive alteration of the adrenal 
cortex during the 3 weeks experimental period. The sequence 
of changes is unfortunately complicated by the fact that the 
larger animals are more reistant to the deficiency than 
are the smaller ones. Nevertheless, it appears to he as 
follows. By the end of 1 week (A) there is a slight reduction 
of sudanophil lipids in the fascieulata (fig. 2), By the end of 2 
weeks (B), pituitary stimulation of the cortex is indicated 
not only by the increased weight of the adrenal and atrophv 
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of the thymus, hut also by the augmentation of lipids in the 
fasciculata. Sudanophilic and hirefringent material is in- 
creased in quantity and extends domi to the border of the 
medulla (as in fig. 10). Bj’’ 3 weeks the lipid content of the 
fasciculata cells is again reduced, more so in the smallest rat 
(C) than in the other 2 (D and E). In all 3 adrenals, lipids 

TABLE 3 

Data on thiainine deficient rats and their controls. 


nxp. 

GROUP 

WEEKS 

INI- 

TIAIi 

WT. 

PEAK WT.' 

TERM. 

WT. 

WT. 

CHANGE 

ADRE- 

NAL 

PROP.* 

THYMUS 

PROP.* 




pm 

pm 

pm 

pm 

mp/lOO pm 

Thiamine 

A 

1 

60 

88 (7d) 

88 

+ 28 

21.2 

336 

deficient 

B 

o 

75 

99 (lid) 

95 

-f 20 

25.0 

192 ' 

(TD) 

c 

3 

48 

82 (9d) 

60 

+ 32 

.35.0 

08 


D 

3 

57 

86 (lid) 

71 

+ 14 

2G.C 

100 


E“ 

3 

82 

117 (lid) 

86 

+ 4 

20.5 

44 




— 

— 

■ — 

- 







64.4 

94.4 

80 

+ 15,6 

20.9 

148 

Controls 

A 

1 

68 

94 (7d) 

94 

+ 26 

18.9 

330 

restricted 

B 

2 

77 

108 (7d) 

105 

+ 28 

22.3 

275 

in weight 

C 

3 

53 

90 (12d) 

70 

+ 17 

28.4 

73 

(WR) 

D 

3 

61 

94 (12d) 

76 

+ 15 

28.9 

86 


E 

3 

85 

129 (12d) 

103 

+ 18 

20.1 

159 




— 

— 



— 







68.8 

103 

89.6 

+ 20.8 

25.1 

185 

Controls 

A 

1 

63 

88 (7d) 

88 

+ 25 

22.2 

414 

restricted 

B 

2 

74 

105 (9d) 

102 

+ 28 

20.0 

302 

in food 

C 

3 

47 

94 (14d) 

66 

+ 19 

30.9 

71 

intake 

D 

3 

51 

87 (12d) 

79 

+ 28 

27.0 

215 

(IE) 

E 

3 

85 

150 (14d) 

102 

+ 18 

20.0 

302 




— 

— — 



- 





64 

104.8 

87.4 

+ 23.4 

20.5 

261 

Controls 

A 

1 

65 

89 (7d) 

89 

+ 24 

19.8 

279 

fed 

B 

2 

69 

135 (143) 

135 

+ 66 

17.1 

336 

ad Uhitum 

C 

3 

51 

152 (213) 

152 

+ 101 

15.4 

270 

(AL) 

D 

3 

65 

155 (213) 

155 

+ 90 

10.7 

406 


E 

3 

82 

141 (213) 

141 

+ 59 

17.2 

184 




— 

- , 

■ - 







66.4 

134.4 

134.4 

+ 68 

17.2 

295 


" Data in parentheses indicate day ■when maximum weight was attained. 
“ Proportional weight. 

“Wasted food, so that IP control is not valid. 
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whicli are sndanopliilic (fig. 13), Sclnfi''posUive and antofln- 
orescent are limited to the outermost portion of the fnsciculata. 
Furthermore, the quantity of birefringent material is sub- 
normal in rat C hut still about normal in D and E, although 
ill the latter 2 there are virtually no fine particles (fig. 14). 

The livers of the deficient rats show no fatty infiltration, 
and no signs of liver abnormality appear, except that the cells 
are smaller than normal. 

c. Weight restricted and intaVe restricted rats, No es.sential 
differences occur between those rats that were jiaired with the 
deficient rats for weight change (IVR) and those that were 
paired for food intake (IB). In addition to an adrenal Inqoer- 
trophy like that of the deficient rats (but less atrophy of the 
thymus), the fasting rats possess adrenals that evuice a similar 
but less extreme alteration in ketosteroid content which can be 
briefly summarized as follows. Throughout the experimental 
period the lipid of the glomerulosa remains unchanged in 
quantity and hisfochemical reaction. In the fasciculata, how- 
ever, the sudanophilic lipids first rise above normal and then 
decline somewhat, especially in the small animals (figs. 9 and 
11). The ketosteroids appear normal at the end of 1 week, in- 
creased in amount at 2 weeks, and greatly augmented the third 
week in D and B, though slightly reduced in C. The super- 
abundant birefringent material in the fasciculatas of the 
larger animals at 3 weeks is illustrated in figures 10 and 12. 

The livers of these 10 rats present no signs of any ab- 
normality. 

DISCUSSION 

Thiamine deficiency, inanition, and the 
adaptation syndrome 

Dietary deficiencies of 4 B-vitamins have now been studied 
-with respect to their effect on the adrenal cortex and thymus 
of the rat. Two of these deficiencies, pantothenic acid and 
thiamine, cause a stimulation and ultimate exhaustion of the 
zona fasciculata of the adrenal cortex and a concomitant 
atrophy of the thymus. Stimulation of the adrenal cortex in 
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advanced thiamine deficiency has also been reported for the 
dog (Goodsell, ’41a, h). In thiamine deficient rats the final ex- 
haustion of the adrenal cortex may be ganged not only by the 
disappearance of the ketosteroid reactions from the zona fas- 
ciculata, but by such features as the abnormally swollen 
mitochondria in the fasciculata cells and the subnormal quan- 
tity of glycogen in the livers. IVe liave found that the effect 
of thiamine deficiency is more rapid and more severe than that 
of a comparable degree of inanition, during which the adrenals 
are stimulated hut do not become exhausted so quickly. 

The reactions of the adrenals and thymus to these 2 B-vita- 
min deficiencies and to inanition fulfill the definition of the 
adaptation syndrome (Selye, ’46). In this sjmdrome the pro- 
duction and release of the cortical steroids (probably those 
vdth an oxygen on On) is stimulated by adrenotropin during 
physiological stress. These cortical hormones in turn increase 
protein catabolism and cause thjTiius involution (Doimhertv 
and "White, ’45). 

One consideration which emerges from the present study is 
the importance of the relative and progressive nature of the 
adrenal changes. These changes occur more rapidly with 
severe stress than they do with mild insults. Furthermore, 
stress of a given intensity seems to affect young animals more 
severely than it does older ones. Moderate stress leads to 
continued resistance, with an elevated content of adrenal 
steroids, and severe stress causes subsequent exhaustion of 
the adrenal. These stages of adrenal reactivity must bo taken 
into account in evaluating experimental studies on the activity 
of the adrenal cortex. For example, in 1 such study, Foster et 
al. (’44) tested the resistance of thiamine deficient mice and 
pair-fed controls toward poliomyelitis. Between 10 and 20 
days on the diets the deficient mice were more resistant to the 
disease than the inanition controls, and both were more re- 
sistant than ad lihihim controls. Similar^ Murray and Moro-an 
(’46) observed an enhanced resistance to anoxia in guinea 
pigs fed a vitamin 0 deficient diet for 15 to 30 days in com- 
parison to pair-fed controls. On the other hand, Smith, Oster 
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and Toman ( ’44) fonnd thiamine deficient cats less resistant 
to low barometric pressure than starved controls. All such 
differences need to he related to the degi-ee of adrenal stimu- 
lation. One study which has attempted to trace the course of 
adrenal changes in stress is that of Oleson and Bloor (’41). 
These investigators analyzed the adrenals of rabbits starved 
from 3 to more than 14 days. At 3 days the adrenal weights 
were below normal, although the steroid and triglyceride con- 
tents were elevated. Later the weight of the glands rose 
steadily and the percentage of steroid remaijied above normal 
while the trijriveeride content fell. These chemical analvses 
provide further interest since they correlate with our obser- 
vation that sudanophilia and the steroid reactions may change 
independently. 

Riboflavin and pyridoxinc deficiencies. In contrast to defici- 
encies of pantothenic acid or thiamine, the dietary absence of 
riboflavin or pyridoxine fails to produce the adaptation syn- 
drome. Physiological tests have similarly failed to show 
adrenal stimulation in riboflavin deficiency (Wickson and 
Morgan, ’46). Early in these 2 deficiencies a mild stimulation 
of the adrenal cortex occurs, but this later disappears. Pos- 
sibly this transitory stimulation results from the moderate 
inanition induced in these animals, to which they later be- 
come adjusted. The time of stimulation coincides witli that of 
the most acute signs of deficiency (p. 4). 

In pyridoxine deficiency, however, even without signs of 
persisting adrenal activity, severe thymus atrophy occurs, as 
has also been reported by Stoerk and coworkers (’44, ’46). 
Consequently thymus involution need not always be attributed 
to a high level of secretion of the corticosterone-like hormones- 
Perhaps this atrophy results from inadequate protein 
synthesis. 

If the 4 deficiencies that have been studied were of similar 
severity, the hypothesis would seem to be invalid that the 
stimulus for the release of extra adrenotropin might be an 
upset in carbohydrate oxidation, since a riboflavin deficiency 
does not produce continuing adrenal stimulation. Therefore, 
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at present the most attractive hypothesis to explain the release 
of adrenotropin'is that the lack of thiamine or pantothenic acid 
causes organ changes which increase the utilization of Cn- 
oxygenated hormones (see, for example, Ralli, ’4C). If so, 
what such changes may he remains to be elucidated, 

sUjSIMaby and conclusions 

Severe dietary deficiencies of thiamine, i-iboflavin ajid jiy- 
i-idoxine were produced in weanling male rats. Weight changes 
of the adrenals and thjunus glands, and cytochemical studies 
of the ketosteroids in the adrenal cortices show that the lack 
of thiamine causes stimulation of the zona fasciculata of the 
adrenal cortex in 2 weeks and its exhaustion in about 4 weeks 
in a fashion comparable to that induced by pantothenic acid 
deficiency (Deane and McKibbin, ’46). These changes are 
attributed to a stimulation of the adrenal cortex bj' adreno- 
tropin, resulting in an increased production and secretion of 
the corticosterone-like hormones. The latter hormones in turn 
produce thymus involution. In a paired feeding experiment it 
was found that stimulation of the fasciculata occurs earlier 
in thiamine deficiency than with a comparable degree of 
inanition. 

On the other hand, neither a riboflavin nor a pyridoxine 
deficiency causes more than a transitory stimulation of the 
adrenal cortex, although a lack of pyridoxine results in acute 
involution of the thymus. 
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Photomicrographs of adrenal cortices from gl aids fixed in 10% neutrahml 
formalin for 2 dajs or more, then sectioned on tlie frcering microtome at 3 5/x. 
Sections mounted in glycerin jell) 


PLATE 1 

F\PnVNATIOX OF FIGUTIES 

All figures X 135 Eennrcation between cortex and mid ill i of adreml drawn in 

1-3 Stained with siidan IV and Harris' hem itoxjlin. Photographed with blue 
filter (AVratteu H) to accentuate red stain, 

1 First expel iment; control rat, D, fed the control purified diet for C weeks 
This figure shows the usual distribution of sudanophilic lipids in the adrenal cortex: 
rich in the cells of the zona glomerulosi, absent from the transitioinl 7 onc rich 
again in the outer part of the zona fasciculata, dwindling in the inner fasciculata 
and lanabl) present in the cells of the juxtamedullar) 7ona reticularis 

2 Second experiment, thiamine deficient rat, A, fed the deficient diet for 1 
week The glomerulosa appears esscntiall) normal; the outer fascicuhta cells 
ha\e water) vacuoles, and the whole fasciculata appears somewhat depleted of 
lipids 

3 First experiment, thiamine deficient rat, E, fed the deficient diet for 44 
weeks The animal was moribund when sacrificed The entire fasciculate is ex- 
hausted of lipids, although the glomerulosa contains its usual complement. The 
cells of the outer fasciculata appear ‘‘lacuoKtcd " The reticular arrangement of 
the cell cords appears to be extended outward. 

4-6 Stained bj Schiff plasmal method Photographed with combined green and 
jellow filters (Wratten B and G) to accentuate the fuchsin stain 

4 Second experiment; ad hhttnm rat, C, fed the control, purified diet for 3 
weeks The Schiff positn e material is normally distributed in the same fashion as 
is that of the sudanophilic lipids 

5 First experiment, nboflaMn deficient rat, B, fed the deficient diet for 6 

weeks The usual quantity of Schiff-positive material is present in the cortex 
although the transitional zone has been obliterated. ’ 

6 First experiment, pyridoxine deficient rat, C, fed the deficient diet for 8 
weeks The distribution of Schiff positne droplets is entirelj- normal 












FURTHEE STUDIES OP MANGAKESE DEFICIENCY 
IN THE RABBIT 

GOKDOX H. ELLIS, SEDGWICK E. SMITH AXD ELIZABETH M. GATES 

“VYITn THE TECHNICAL ASSISTANCE Of H* LOBB AND E, J. LARSON 
tr. S. Plant, Solly and KuirUxon Laboratory, AyricuUural Lesearch 
Adininl^trationy Ithaca, Kctc Tori: 

i 

(Received for publication January 2, 1947) 

a previous paper from this laboratory (Smith, Medlicott 
and Ellis, ’4A), a number of differences between control and 
manganese deficient rabbits wei’e described. The diets were 
fed ad libitum and some of the differences noted might well 
be ascribed to a difference in food intake, particularly since 
the growth rate of the control group was appreciably greater 
than that of the experimental group. By equalizing feed in- 
take, those differences due specifically to a lack of manganese 
can be more readily differentiated from those due to a lack 
of other factors. The paired-feeding technique (Mitchell and 
Beadles, ’30) was therefore used in the present study. A 
miscellany of results of several other manganese deficiency 
experiments which have not been reported elsewhere are also 
presented. 

ekpbeimextal 

Dutch rabbits were bred to furnish young for the experi- 
ment. To prevent access to feed high in manganese, the stock 
diet was replaced by milk and milk powder when the young 
were 2 weeks of age, and the dams moved to another cage 
for 2 hours each day in which they were fed a stock diet of 
mixed grains and hay. The young were weaned at 3 weeks of 
age and placed on the experiment proper. Twelve pairs were 
selected, each consisting of litter mates of the same sex and 
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of nearly the same body weig-bt. The rabbits were kept in in- 
dividual wire-screened cages and fed a basal low-manganese 
diet of milk plus 10% of whole milk powder, Snflieicnt iron 
and copper were added to the diet to give a mean daily intake 
of 4 mg of iron and 0.4 mg of copper per animal. Tliese sup- 
plements were fed twice weekly as the chlorides, prepared 
from redistilled IICl and carbonyl iron and electrolytic 
copper. One member of each pair was also given 2 mg of 
manganese (a solution of c.p. MnCL'lH.jO) per day by mouth. 
The animals were weighed weekly until 17 weeks of ago, at 
which time they were autopsied. Various tissues were taken 
as indicated below. 

Three rabbits died before completion of the experiment. 
Two of these were a pair, while the third was on the low- 
manganese diet. Thus 10 pairs of rabbits were available for 
observation at the end of the experiment. Tlic calcium and 
phosphorus content of the bone ash was determined by the 
methods of Morris, Nelson and Palmer (’31). The methods 
used to determine hemoglobin, liver manganese, and the ash, 
density, and breaking strength of the bones have been 
described (Smith, Medlicott and Ellis, ’44). The inorganic 
phosphorus content of blood serum was determined bv the 
method of Piske and Snbbarow (’25) using a photoelectric 
colorimeter. The “alkaline” phosphatases were determined 
by the King and Armstrong (’34) method at a pH of 9.8 
(sodium barbital buffer), while the “acid” phosphatases were 
determined by the Grutman and Gutman (’40) procedure at 
a pH of 5.3 for all tissues except blood serum, which was run 
at a pH of 4.9. Tyrosine was used as the primary standard 
as recommended by Greenberg et al. (’40), but the results are 
expressed in terms of phenol, each unit being the amount of 
enzyme that liberates 1 mg of phenol in 1 hour under the 
prescribed conditions. The arginase values were obtained bv 
a modified combination of the Edlbacher and Rbthler ( ’251 
and Lightbody ( ’38) methods as described by Kochakian 
(’44). Incubation was for a period of 4 hours at ST^C. and at 
a pH of 9.2. A unit is defined as that amount of enzrnne pro- 
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ducing 1 millimol of urea in 4 hours under the prescribed 
conditions. 

Eedistilled Avater was used in the prepai-ation of the sub- 
strates for both the arginase and phosphatase determinations 
as well as in the preparation of the tissue extracts. The soft 
tissues were homogenized according to the method of Potter 
and Elvehjem (’36), while the bones Avere ground with sand 
and Avater in a glass mortar and pestle. "Where the bone ends 
and shafts Avere run separately, the division was made accord- 
ing to length, the 2 end quarters being combined. Three per 
cent of toluene by volume was added to the unfiltered extract, 
which Avas stored in the coldroom for 12-16 hours before an 
aliquot was removed for the determination. 

The manganese detenninations on blood serum and on the 
bones were made by the method of Gates and Ellis (’47). 

The testes were fixed in Susa’s fluid, imbedded in paraflSn, 
sectioned at 8 m, and stained vuth iron hematoxylin and eosin. 

EESULTS OF THE PAIRED-FEEDING TELA.L 

The rabbits fed the manganese-low milk diet showed the 
same gross symptoms previously described (Smith, Medlicott 
and Ellis, ’44) whereas the rabbits fed the additional sup- 
plement of manganese were normal. Six of the 10 rabbits fed 
the milk diet showed gross crookedness of the front legs, 
which was confirmed by observation of the dissected bones. 
As in previous experiments, the bending was confined to the 
radius and ulna. 

A comparison of the growth of control rabbits with those 
on the manganese-deficient diet is given in table 1. Though 
the food intake of the 2 groups was held constant, the control 
rahhits gained weight at a significantly higher rate than those 
fed the deficient diet, shoAving that a deficiency of manganese 
per se retards growth. 

A summary of the studies on the bones is presented in 
table 2. The fresh weight, percentage of ash, total ash, density, 
and length of the humeri of the manganese-deficient rabbits 
were significantly less than those of the controls. The volume 
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tabm: 1 

Growth of pair-fed control and inanaani (•r-dcficient rahhitx. 


TREATMENT NO. MIUNDAII.V 

^ AVTOI'SV KKt n intake 

I.VITIAI. 

WKIOIIT 

Mills* riNAn 
WKIGHT 


U'JCM, 

n>f 

ffm 

fftn 

Control 0 * 

17 

.IS.G 

282 

3240 ’ 

Mn deficient 5 

17 

5S.1! 

279 

10.53 * 

' By error final weights obtained on only 

5 of tlio 10 

pairs. 


^ Bilferenco significant at odds 

of 10: 1. 





TABLi: 

2 



Tissue composition of pair- fed control 

and mnnpancsc-dcficicni 

rahhits. 


COKTKOn ' 

M.N 

mi:ak 




I'KKH irvT ^ mri' 

AND s r 

Htimerus 





Fresh wt. (gm) 

1.954 

1,809 

0.145 

± .0391 '• 

Ash (%, dry fat-free bone) 

58.88 

0 i .03 

1.85 

± .714* 

Ash (total) 

0.564S 

0.4702 

0.0916 ± .02154 ' 

Volume (ml) 

1.479 

1.409 

0.070 

± .034 

Density (gm/ml) t 

1.318 

1.282 

0.030 

It .0148* 

Length (mm) 

51.1 

45.6 

5.5 

1.22 * 

Breaking strength (lbs) 

32.3 

33.3 

— 1.0 

It 1.20 

Ca (%, dry fat-free bone) 

22.47 

21.95 

0.52 

t: .286 

F i%f dry fat-free bone) 

10.G7 

10.22 

0.45 

t: .109* 

Vina 





Fresh w't. (gm) 

0.7CG 

0.725 

0.041 

± .0274 

''Alkaline” Phosphatase 





(units/gm fresh wt.) 





No activation 

25.9 

12.7 

13.2 

It 1.36 = 

Activation with !Mn 

30.9 

15.0 

15.9 

rt 1.19* 

Femur 





Fresh wt. (gm) 

3.804 

3.433 ' 

0.371 

It .0827 * 

Dry fat-free wt. (gm) 

1.934 

1.592 

0.342 

± .0558* 

Dry fat-free wt (% fresh bone) 

50.3 

45.8 

4.5 

It 1.0 = 

Mn (Mg/gm dry fat-free bone) 

G.98 

0.52 

0.46 

It 1.136 * 

Liver 





Dry matter {%) 

32.2 

29.9 

2.3 

It .91 * 

Mn (Mg/gnx — dry basis) 

6.04 

0.43 

5.61 

It .793 * 

Arginaso (units/gm fresh tissue) 





No activation 

20.5 

15.4 

5.1 

It 1.95 • 

Activation with Mn 

25.6 

19.2 

6.4 

± 2.73 » 

Blood Serum 





^n (/ig/lOOml) 

4.8 

2.0 

2.8 

± 1 57 

' Mean values of 10 rabbits. 





* Difference significant at odds 

of 99: 1. 




’ Difference significant at odds 

of 19: 1. 
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of the humeri of the 2 groups did not differ significantly. 
These observations confirm those previously found in experi- 
ments "where food intake was not controlled. The breaking 
sti-ength of the humeri of the 2 gi’oups was found not to be 
significantly different, which varies from previous obseiwa- 
tions in which the diets were fed ad libitum. Further studies 
have mdicated that the breaking strength of the bones of 
rabbits in these experiments is closely correlated with body 
weight. In another experiment (Smith and Ellis, ’47), rab- 
bits were fed no manganese, 0,3, 0.6, 1, or 8 mg of manganese 
per day. "Within each treatment group the correlation co- 
efficients between the breaking strength of the humeri and 
body weight were respectively, 0.73, 0.78, 0.69, 0.24, and 0.83. 
It thus appears that the breaking strength of hone is more 
closely associated with growth than nith a deficiency of 
manganese per se. 

Phosphorus and calcium determinations vrere made on the 
ash obtained from the humeri. No significant difference was 
observed for calcium, but the percentage of phosphorus in 
the dry, fat-free bones of the manganese-deficient rabbits was 
slightly but significantly lower than the controls. The mean- 
ing of this is obscure. 

In this experiment the only tissue for which phosphatase 
values were obtained was the ulna. In one ease the substrate 
used in the determination was made 0.00004 W with respect 
to Mn+‘*', while in the other no Mn was added. In both cases, 
the “alkaline” phosphatase activity was approximatelv one- 
half as gTeat in the deficient as in the control group. 

The fresh and the dry fat-free weight of the femur were 
both greater in the control group, and this was also true of 
the percentage of dm’ fat-free bone. The manganese content 
of the femurs was approximately 13 times higher in the group 
given manganese than in the group not receiving it. 

The diy matter, manganese content and arginase activitv 
of the liver of the deficient group were all lower than in the 
controls. As in the phosphatase determination, the arginase 
activity was determined both with and without activation by 
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Mn. In this case the substrate was made 0.0004 3^1 with 
respect to Mn++. 

In contrast to the marked reduction in tlie manganese con- 
tent of the bone and liver of animals on the low-manganese 
diet, the reduction in serum manganese from 4.8 to 2 mg/ 
100 ml was not significant at odds of 20 to 1. This is in agree- 
ment with the findings of Johnson (’40) that the level of 
manganese intake does not affect the blood values in cither 
sheep or pigs. 


RESULTS OP OTHER E.XPERIMENTS 

Phosphatase determinations were made on various tissues 
obtained from rabbits on 2 experiments in both of which the 
miUc diet with and without a supplement of manganese was 
fed ad libitum. In one experiment the manganese was fed at 
0, 1, 2, and 4 mg per day levels (Smith and Ellis, ’47), and 
in the other 0 and 4 mg per day. There was no significant 
difference in either “acid” or “alkaline” phosphatase 
activity of the blood serum, kidney, liver, small intestine, and 
none in the “acid” phosphatase of the ulna. There was a sig- 
nificant difference in the “acid” phosphatase of the serum in 
one experiment, but this was not confirmed by the second 
experiment. The results are summarized in taiile 3. The 
number of animals is rather small to demonstrate conclusively 
that there are no differences, but it is clear that differences 
if they exist, are much smaller than for the “alkaline” 
phosphatase activity of the bones. 

Inorganic phosphorus determinations were made on the 
blood serum of the 0, 1, 2, and 4 mg per day rabbits with 
negative results as shown in table 3. 

In previous work (Smith et ah, ’44) no change in the hemo- 
globin level of manganese-deficient rabbits was found and 
this observation has been confirmed with larger numbers 
In 62 rabbits (Smith and Ellis, ’47) fed either the manganese- 
deficient diet alone or supplemented with 1, 2, or 4mn- of 
manganese per rabbit per day, the mean range of hemoglobin 
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A’alues per treatment group was 10.47-11.22 gm per 100 ml of 
blood. These differences are not significant. 

The effect of a deficiency of manganese on the testes of 
rabbits has been more thoroughly studied. Two out of 9 
male rabbits fed the manganese-deficient diet showed a mild 
tubular degeneration after being fed the deficient diet for 
12 to 22 weeks. Two of 12 comparable males fed manganese 
supplements (1, 2, or 4 mg per day) in addition to the basal 
diet also showed mild tubular degeneration. These observa- 
tions indicate that a deficiency of manganese does not lead to 
testicular degeneration in the rabbit as it apparently does 
in the rat (Shils and IMcCollum, ’43; Boyer, Shaw and 
Phillips, ’42). 

DISCUSSION 

The rat (Shils and ]\[cCollum, ’43; Boyer, Shaw and 
Phillips, ’42) and the rabbit show a similar decrease in liver 
arginase activity both with and without manganese activa- 
tion on a low-manganese diet when arginine monohydrochlor- 
ide is used as the substrate in the arginase determination. Shils 
and McCollum found that when arginine carbonate was used 
as the substrate no difference in enzyme activity between 
manganese-deficient and control rats was found when man- 
ganese was used to activate the system, although there was 
a marked difference when no manganese was added. In view 
of this finding it is not possible to conclude that in manganese 
deficiency in the rabbit there is a reduction of liver arginase 
concentration. 

The activation of “alkaline” phosphatase of the chick bone 
noted bi^ Wiese et al. ( ’39) was confirmed both for the “acid” 
and “alkaline” phosphatase of the serum and for the 
“alkaline” phosphatase of the bone in the rabbit. These 
determinations were made both with and without manganese 
activation as an aid in the interpretation of the results. Since 
the differences noted occurred in both instances, the evidence 
suggests that the loss of enzyme activity is not due to a 
lowered concentration of manganese in the bone per se. This 
evidence, however, cannot be taken as conclusive since 
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manganese added in the determination may not activate tlie 
enzyme to tlie same extent as manganese found in vivo. 

In making an interspecies comparison of tlie effects of 
manganese deficiency, it is interesting to note that in the 
chick there is a reduced “alkaline” phosphatase activity of 
the tibia and of the blood serum (Wiese et al., ’39; Combs, 
N’orris and Heuser, ’42), while in the rat Amdur, Norris and 
Heuser (’45) found a small, but highly significant reduction 
of the “alkaline” phosphatase of the bones in manganese de- 
ficiency contrary to the findings of Wachtel, Elvehjem and 
Hart (’43). In the rabbit, the “alkaline” phosphatase of the 
bone is reduced, as in the chick and rat. 

There is growing evidence also that the skeletal develop- 
ment is impaired in the rat and mouse (Shils and ^McCollum, 
’43; Amdur, Norris and Heuser, ’45; Barnes, Sperling and 
Maynard, ’41; Wachtel, Elvehjem and Hart, ’43), in the 
chick (Caskey, Gallup and Norris, ’39), and the rabbit (Smith, 
iledlieott and Ellis, ’44), and is suggested by the results of 
Miller, Keith, McCarty and Thorp (’40) \vith swine. Thus 
in the rat, chick, and rabbit bone changes have been shown 
to be associated with a decreased “alkaline” phosphatase 
activity of the bones in manganese deficiency, and it seems 
clear that manganese is concerned specifically in bone forma- 
tion probably through its infiuence on phosphatase activity. 

Likewise, growth has been shown to be retarded in the 
manganese-deficient chick, rat, mouse, and rabbit by these 
woi-kers. 

Other symptoms of manganese deficiency, such as testicular 
degeneration, impaired lactation, and nervous disorders have 
been found less consistently and may reflect a varying severity 
of the deficiency. 

SUMMAET 

Manganese deficiency in the rabbit was studied using the 
paired-feeding technique with a basal diet of milk. 

On the unsupplemented diet there was a lowered arginase 
activih* of the liver and a lowered “alkaline” phosphatase 
activity of the ulna. The latter finding is associated with 
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impaired bone formation noted in the gross as crooked front 
legs. The fresh weight, percentage ash, total ash, density and 
length of the hnmerus was significantly lower in the man- 
ganese-deficient animals. 

Though the food intake of the 2 gi’oups was equalized, the 
controls gained more weight than those fed the low-man- 
g-anese diet. 

In the manganese-deficient animals the concentration of 
manganese in the liver and in the femur was much I’educed, 
while that in the blood serum was not. 

In other experiments in which the feed intake was not 
equalized, no significant differences were found for the fol- 
lowing: “acid” or “alkaline” phosphatase activity of the 
blood serum, kidney, liver, or small intestine; hemoglobin 
concentration of the blood; inorganic phosphorus of the 
serum; incidence of testicular degeneration. 
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The manganese requirement has been established for poul- 
try (WilgTis, Norris and Heuser, ’39), but for no other animal 
insofar as the authors are aware. Following the background 
studies which characterized the symptoms of manganese de- 
ficiency in the rabbit (Smith, Medlicott and Ellis, ’44), it 
became possible to determine the minimum amount of man- 
ganese required to prevent these symptoms. This paper 
summarizes the results of such studies. 

Bmowledge of the requirement of any nutrient for various 
metabolic processes is essential as a baseline for assessing 
the adequacy of a feed or ration for that nutrient. It is 
realized that any suggested value is subject to variation de- 
pendent on many factors. Among such factors are the avail- 
ability of the nutrient which is a function of the chemical 
form in which it is fed as well as of the effects of other 
components of the diet. The requirement is also subject to 
genetic variability as is often noted in breed or strain dif- 
ferences, the age of the animals, and the criteria used to 
determine the adequacy of the nutrient levels fed. The estab- 
lished deficiency of a milk diet with respect to manganese, 
the general adequacy of a milk diet in nutrients other than 
manganese, iron, and copper, and a lack of knowledge of a 
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practical ration of forages and concentrates sufficiently low 
in manganese to serve as a basal diet prompted the use of 
milk and milk products in this study. 

MATERIALS AND METHODS 

The technics and materials used in this study have been 
outlined in detail in a previous publication (Smith et al., *44). 
The basal diet was fed ad libitum and consisted of whole 
milk powder ^ supplemented with highly purified iron and 
coppei’. Each rabbit received 2 mg of iron and 0.2 mg of 
copper daily in a little fluid milli. Manganese (MnCL, c.p.) 
was fed by mouth daily to those rabbits indicated in the 
tables. Distilled water was provided in pyrex glass cups. iUl 
rabbits were weighed at weekly intervals and carefully ob- 
served for sjTnptoms. 

The manganese content of the whole miUi powder was 
determined by the method of Gates and Ellis (’47). Samples 
were taken in duplicate from each of 5 cans. The average 
value for the duplicates ranged from 0.109 to 0.191 pg per 
gm. The mean value for the 5 cans was 0.141 pg per gm. 

Two experiments were conducted at different times. The 
first experiment was exploratory, while the second experi- 
ment was designed to determine more precisely the quantitv 
of manganese required to prevent the various symptoms. In 
the first experiment 39 rabbits of mixed sexes and ranging 
in age from 21 to 24 days of age were divided into 4 groups 
of 12, 9, 9, and 9 rabbits each. In addition to the above basal 
diet the groups were fed, respectively, 0, 1, 2, and 4 mg of 
manganese per rabbit per day. Among those rabbits fed the 
basal diet alone, 3 died at the respective ages of 10, 12, and 
15 weeks. One rabbit in the 4 mg manganese-supplemented 

group died at 10 weeks of age. The remaining rabbits, with 
the exception of 4 females fed a 1-mg supplement of man- 
ganese and 4 females fed a 4-mg supplement of manganese 
were sacrificed at 19 weeks of age. The 8 female rabbits were 


‘ Borden Klim. 
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continued on the experiment to obsei’ve the effects of man- 
ganese deficiency on reproduction. 

In the second experiment 45 rabbits "were distributed at 
random among 5 equal groups and fed the basal diet supple- 
mented, respectively, ■with 0, 0.3, 0.6, 1, and 8 mg of manganese 
per rabbit per day. These rabbits ■were sacrificed at 20 weeks of 
age with the exception of 11 that died eaidier in the experi- 
ment. These 11 rabbits were distributed at random among 
the groups receiving treatment. These deaths occurred for 
the most part in the late stages of the experiment (see 
discussion). 

The deficiency s^miptoms observed in previous studies 
(Smith et ah, ’44; Ellis, Smith and Gates, ’47) were used as 
criteria to determine the adequacy of the various levels of 
manganese fed, namely, gross crookedness of the front leg 
bones, subnormal gro^wth, length, density and weight of tho 
bones, manganese concentration of the bones and livers, 
“alkaline” phosphatase acti^vity of the bones and arginase 
activity of the livers. 

The chemical methods used to detemiine manganese, “alka- 
line” phosphatase acti^vity and arginase activity are described 
in detail by Ellis et al. (’47). 

The data obtained were reduced by. means of the analysis of 
variance and the t test used to determine whether particular 
differences were significant. Odds greater than 19 : 1 were 
accepted as statistically significant while odds greater than 
99 : 1 were considered highly significant. The data presented 
in this paper are in all cases mean values ■with their standard 
errors. 

RESULTS 

In both experiments most of the rabbits fed the basal 
manganese-low diet developed crooked front legs. In the 
first experiment 7 out of 12 and in the second experiment 7 
out of 9 developed crooked front legs that were evident in 
the intact animals and confirmed by the observation of a bend- 
ing of the radii and ulnae in the dissected bones. No animal 
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which received 0.3 mg of mangaiiese per day or more sliowed 
any sign of crooked leg hones. IMicroscopic examination of 
the humeri bones from those rabbits fed the basal diet showed 
evidence of depressed bone formation previously described 
whereas the bones from rabbits fed 0.3 mg of manganese or 
more were to all appearances normal. 

Table 1 summarizes the observations on the length, density 
and fresh weight of the humeri bones of the various treat- 


TABLE 1 

Summary of the ohi^ervaiions on the hones of rabbits 
fed various levels of manyancse. 


MX FKD 

AXIStAUF 

AV. miXOTH 

OF IIUMF.ni 

AV, J>KXfiIT^ 

OF HUMKKI 

AV. n:rsrr vrr. 
or niTMKni 

mff/day 


cm 

f/ni/wl 

i/in 



First 

experiment 


0 

11 

4.87 ±0.101 

1.329 ± 0.0194 

1,988 ± 0.1470 

1 

5 

5.36 ± 0.163 

1.366 ± 0.0133 

2.191 ± 0.1S7S 

2 

9 

0.53 ± 0.101 

1.309 ± 0.0119 

2.116 ± 0.0S81 

4 

4 

5.21 ± 0.121 

1.361 ± 0.0507 

2.093 ± 0.2839 



Second 

experiment 


0 

7 

4.81 ± 0.123 

1.331 ± 0.0277 

2.199 ± 0.1370 

0.3 

7 

5.27 ± 0.097 

1.385 ± 0.0146 

2.437 ± 0.1013 

0.6 

7 

5.31 ± 0.152 

1.374 ± 0.0164 

2.232 ± 0.0834 

1 

7 

5.56 ± OJIO 

1.375 ± 0.0094 

2.579 zt 0.0775 

8 

6 

5.55 ± 0.026 

1.370 ± 0,0159 

2.367 ± 0.0507 


Analysis of variance shon*ed a liigh ly significant or significant (fresh weight 
of Immeri) difference among the treatment groups in each experiment. 


ment groups. In both experiments the length, density and 
fresh weight of the humeri of the rabbits fed the basal diet 
were significantly less than the respective values for rabbits 
fed additional manganese. No significant improvement in 
bone length, density or weight was obtained by feeding- more 
than 0.3 mg of manganese per day. 

The manganese concentration and the “alkaline” phospha- 
tase activity of the ulna bones are given in table 2. The 
manganese content per unit of dry, fat-free bone was very 
low in those rabbits fed the basal diet alone as compared -with 
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those rabbits fed additional manganese. Tlie manganese con- 
centration continued to increase vritb increasing manganese 
intake vitbin each experiment. It will be noted that the 
manganese concentration of the bones of the rabbits fed 8 mg 
of manganese in the second experiment is less than in those 
rabbits fed 4 mg of manganese in the first experiment. Since 
these experiments were conducted at ditferent times and with 


TABLE 2 

The vxangancse concentration and alkaline phosphatase activity of the 
hones of rahhits fed various levels of v\angancse. 


MX mo 

xo. or 

AXIJtAnS 

AV. MX 

COXTEXT * 

or TEinm 

xo. or 

AXniALS 

AV. "AnKAIilXE" 
PHOSPHATASE 
ACTIVITY 
or ITIiXAE 

mg/dait 




Vnit^/giu - 



First experiment 


(ends of bone'*)" 

0 

4 

0.60 ± O.OSO 

6 

9.3 ti 1.49 

1 

4 

3.07 ± 0.319 

4 

32.5 ± 2.62 

o 

9 

5.68 ± 0.668 

9 

27.8 It 3.49 

4 

3 

12.91 ±. 0.322 

3 

22.9 It 2.95 



Second experiment 


(whole bones) 

0 

7 

0.44 ± 0.052 

6 

5.4 it 0.70 

0.3 

7 

2.26 0.185 

7 

10.4 It 1.59 

0.6 

7 

2.48 It 0.270 

7 

9.3 It 0.70 

1 

7 

2.76 ±: 0.170 

7 

9.2 It 1.18 

8 

5 

6.71 it 1.350 

6 

10.5 It 1.12 


Analysis of vaxiance sho'wed a highly significant or significant (phosphatase 
activity in second experiment) difference among the treatment groups in each 
experiment. 


^ ^ry, fat-free hone. ’ Fresh bone. * The 2 end quarters. 

different groups of rabbits, one may question whether this 
is a real difference. The “alkaline” phosphatase activity per 
unit weight of fresh bone was significantly less in the rabbits 
fed the basal diet alone as compared to those animals fed 
additional manganese. No further significant increase in 
phosphatase activity was observed by feeding more than 
0.3 mg of manganese. 
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Liver samples from the rabbits of the second experiment 
were taken for arginase activity determinations. The livers 
from the rabbits fed the basal diet had a significantly lower 
activity than the groups fed additional manganese. The 
arginase activity levels of the 0, 0.3, 0.6, 1 and 8 mg groups 
were, respectively; 15.6 ±; 1.42; 24.7 ±3.05; 29.4 ±4.03; 
24.6 ± 3.97, and 31.1 ± 3.42 units per gm of fresh liver. At 
first observation the activity levels of the groups fed addi- 
tional manganese would appear to be significantly different, 
but this was not true. The large standard errors indicate the 
large variability encoimtered. 

TABLE 3 

Manganese content of the Uvers of rahhits 
fed various levels of manganese. 


MN FED 

KO. OF 

VV. JfN CONTEXT 
or LIVERS 

Vlff/dnu 


uvfnvi nf 
dry iixguf 

0 

10 

0.9 ±i 0.41 

0.3 

s 

6.8 rt 1.37 

0.6 

7 

9.8 ±i 1.68 

1 

10 

16.2 d: 3.05 

2 

9 

20.5 dz 1.74 

4 

9 

22.7 d: 2.61 

8 

4 

15.4 zt 1.45 


The concentration of manganese in the livers of the various 
treatment groups is summarized in table 3. The low con- 
centration of manganese in the livers of the rabbits fed the 
basal diet alone is marked. The manganese concentration of 
the livers increased significantly with increased intakes of 
manganese up to a level of 1 mg of manganese per day after 
which the concentration leveled off. The concentration of 
manganese in the liver would thus appear to reach a maximum 
at much lower intakes of manganese than do the hones. 

The data (table 4) relative to the manganese requirement 
for maximum growth are not adequate enough to warrant a 
conclusive statement. It will he noted that in the first ex>- 
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perimeiit where manganese levels of 0, 1, 2 and 4 mg are 
directly compared, maximum growth was obtained in rabbits 
fed 4 mg of manganese per day. In the second experiment 
where manganese levels of 0, 0.3, 0.6, 1 and 8 mg were directly 
compared, maximum growth occurred in those rabbits fed 
Img of manganese. Since experiments 1 and 2 were con- 
ducted at different times and with different rabbits they 
cannot logically be directly combined. This is supported by 
the observation that the rabbits fed 1 mg of manganese in the 


T.4BLE 4 

Groicth of rahhits fed various levels of manganese. 


MN’ TED 

so. OF 

av 

IXITIAt. 

WEIOUT 

AV. 

fixal 

WEIGHT 

mff/dai/ 



gm 


First experiment 


0 

9 

2S8 

1140 52 

1 

9 

285 

1130 i: 107 

2 

9 

288 

1240 zt: 82 

4 

8 

282 

1390 63 


Second experiment 


0 

7 

274 

990 Ht 90 

0.3 

7 

269 

1290 rfc 91 

0.6 

7 

290 

1194 dfc 47 

1 

7 

276 

1350 :+: 39 

8 

7 

284 

1120 ± 93 


Analysis of variance showed a highly significant difference among the treat- 
ment groups in each experiment. 


first experiment gained significantly less weight than those 
fed Img of manganese in the second experiment. These 
limited observations indicate that the manganese require- 
ment for maximum growth is higher than the requirement 
for normal bone development. 

The fact that the rabbits fed 8 mg of manganese gained 
less Aveight than the rabbits fed 1 mg of manganese in the 

.second experiment may indicate that 8 -'■p 

day is on the borderline of toxicity fo 
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Tlie manganese concentration of the blood serum was de- 
termined on pooled blood samples of the rabbits in the first 
experiment by the periodate metliod. In the second experi- 
ment the micromethod of Gates and Ellis (’47) permitted 
manganese to be determined on the blood serum of individual 
rabbits. Interpretation of the results is difficult because of 
the large variability observed and the details are not pre- 
sented here but are being reserved for more study. In both 
experiments, however, the rabbits fed the basal diet alone,® 
appeared to have significantly lower concentrations of man- 
ganese than the rabbits fed additional manganese. Whether 
or not a difference existed among rabbits fed varying levels 
of manganese is not certain. 

DISCUSSION 

The level of manganese taken as l)eing adequate depends 
upon the criteria used. Insofar as crookedness, length, 
density, fresh w’^eight, microscopic structure and “alkaline” 
phosphatase activity of the bones and arginase activity of the 
livers are concerned, 0.3 mg of manganese per rabbit per day 
appears to be adequate. The manganese concentration of the 
livers increased significantly up to an intake of 1 mg of man- 
ganese per day wdiile the manganese concentration of the 
bones increased up to the highest level (8 mg) of manganese 
fed. The minimum manganese intake necessary for maximum 
growth requires more study, but it appears to be higher than 
the amount required for normal bone development. 

The relatively high mortality of the rabbits, particularlv 
in the second experiment, is worthy of further comment. This 
rate of mortality may have been influenced by a cirrhosis of 
the liver wdilcli Ave have consistently observed in rabbits fed 
a diet of milk or millc products. This cirrhosis was usuallv 
of a mild nature characterized by livers which were mottled 
and lighter in color than normal. In the extreme form the 
livers were a very light tan color, fibrous and fatty and ap- 
parently similar to the cirrhosis in rabbits described bv Rich 
and Hamilton (’40). The incidence of cirrhosis w’^as not cor- 
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related with the level of manganese intake. Studies designed 
to determine the cause of the cirrhosis are in progress. 

SUJIMABT 

The manganese requirement of rabbits has been studied by 
feeding a basal diet low in manganese supplemented with 
various levels of manganese. Insofar as bone development is 
concerned, it appears that 0.3 mg of manganese per rabbit per 
day is sufficient to meet normal requirements. The minimum 
manganese intake necessary for maximum growth requires 
more study, but it appears to be higher than the amount re- 
quired for normal bone development. 
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The supplemental relationship of the protein in one food 
product to that in another is of great practical importance in 
human nutrition. In 1945 vre reported that poi’k protein had 
a marked supplemental relationship to bread protein, and 
the question then arose as to the possibility of a similar rela- 
tionship between pork protein and egg protein. Puhli.shed 
data indicate a higher nutritive value for the protein in eggs 
than for that in pork. Mitchell, Beadles and Kruger (’27) 
reported a biological value of 79 for pork tenderloin, and 
Mitchell (’27) found a value of 74 for pork ham. Mitchell and 
Carman ( ’26) found a biological value of 94 for dried whole 
eggs, and 83 for egg albumin. Sumner (’38) found values of 
97 for commercially-dried eggs fed to young rats and 85 for 
such eggs fed to year-old rats when the diet contained 8% of 
protein. "When the diet contained 5% of protein, the biological 
value of these eggs fed to mature rats was 94. Sumner and 
Murlin (’38) reported a value of 95 for the protein in dried 
eggs fed to year-old rats when the diet contained 5% of 
protein, and a value of 65 when the eggs were consumed by 
human subjects on diets containing 3 to 4% of protein. Hoag- 
land and Snider (’46) found the average growth-promoting 
value of the protein in dehydrated pork to he 3.35 gm gain per 
gm of protein consumed in tests ^vith young rats, as com- 


• 4 ?. 
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pared with a gain of 4.28 gm for the protein in spi’ay-dried 
eggs. 

The reason for the higher nutritive value of the protein in 
whole eggs than in pork is, presumahly, a better balance be- 
tween the essential amino acids in eggs and the requirements 
of the rat. A comparison of available data for the amino acid 
content of eggs with those for pork, as reported by Beach, 
Munks and Eohinson (’43), Mitchell and Block (’46), and 
Lyman et al. (’46), indicates that the protein in whole eggs 
and in egg albumin contains notably more cystine and meth- 
ionine than the protein in pork. It seemed probable, therefore, 
that there would he a supplemental relationship between the 
protein in eggs and that in pork. The purposes of the experi- 
ments herein reported were (1) to determine the growth- 
promoting values of the protein in mixtures of pork and eggs 
as compared with the values of each product alone, and (2) to 
determine the effects of the addition of cj’^stine or methionine 
on the growth-promoting value of the pork protein. 

EXPEBIMENTAL 

Products tested ^ 

Three lots of cured and 1 lot of fresh hams were used in 
feeding tests with rats. Cured ham lot no. 4320 had been 
cured by the dry-cure method, and cured ham lots nos. 4462 
and 4464 were mixtures of hams that had been cured by the 
dry-cure, artery-cure, and brine-cure methods. The lean meat 
from each lot of hams was ground and then baked in glass 
baking dishes in an oven at 325° to 350°F. until the internal 
temperature of the meat was 155°F. The cooked ham was 
ground, spread on trays, and dehydrated at 155°F. to a mois- 
ture content of 10% or less. The dried meat was thoroughly 
extracted with ethyl ether, ground fine, and stored in tightly 
covered jars at approximately 25°F. 

' Acknowledgment is made to K. Lt. Hiner for curing and dehydrating the hams 
and for dehydrating the hard-boiled eggs and to Edna H. Steely for assistance in 
the statistical analyses. Our thanks are extended to T. C. Byerly and E. H. McN 11 
for supplying fresh eggs and commercially dehydrated eggs. ^ 
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Two lots of commercial spray-dried eggs (uncooked), 2 lots 
of dried hard-boiled eggs, and 1 lot of dried whites from hard- 
boiled eggs were tested. The dried hard-boiled eggs were 
prepared as follows : The eggs were boiled 10 minutes, chilled, 
and the contents were ground through a meat grinder, spread 
on trays, and dried in the same manner as the hams. The dried, 
cooked whole eggs were thoroughly extracted with ethyl ether, 
hut the spray-dried eggs were not extracted. The dried eggs 
and egg white were ground fine and stored under the same 
conditions as the dried ham. 

Dieis fed 

Dehydrated ham, eggs, and egg white were incorporated in 
diets in such proportions that each product or mixture sup- 
plied 1.6% of nitrogen. The following quantities of B vita- 
mins were added to 100 gm of diet in addition to any vitamins 
present in the ham or eggs : thiamine hydrochloride, 0.3 mg ; 
riboflavin, 0.3 mg; pyridoxine hydrochloride, 0.6 mg; calcium 
pantothenate, 1.5 mg; and choline chloride, 20 mg. To 1 diet 
containing spray-dried eggs was added 5 pg of biotin. Cystine 
and methionine were added to certain diets as indicated in 
the tables. 

The fat-soluble vitamins were added in solution in lard so 
that 1 gm of the diet would contain 5 I.TJ. of vitamin A, 1 1.U. 
of vitamin D, and 20 |jg of alpha-tocopherol. Sufficient kettle- 
rendered lard was added to make 10% of fat in the diet. Salt 
mixture amounting to 2%. sufficient sodium chloride to 
equalize the salt content of all diets in a series including cured 
ham, and dextrin to make 100% completed the diet. In experi- 
ment no. 4 (table 3) which did not include cured ham, 4% of 
salt mixture was added to the diet. 

Feeding tests 

Each diet was fed to 8 male albino rats for 30 days. The 
animals weighed approximately 40 gm each and did not ex- 
ceed 25 days of age at the beginning of the tests. Eats from 
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different litters were distributed nniong the several groups in 
a series. Each rat was kepi in an individual cage which was 
jirovided with a raised screen bottom, a self-feeder, and a 
drinking vessel. The bottom of the cage was covered with a 
sheet of blotting paper. The rats wore weighed twice weekly 
and the feeders were refilled about every third or fourth day. 
A record was kojA of the feed consumed. Tlie temperature of 
the rat laboratory was approximately 7.j°F. 


HESULTS 

The results of experiment no. 1, table 1, indicate that the 
protein in 1 lot of spray-dried eggs was superior in growth- 
promoting value to the protein iii dry-cured ham. This is true 
not only on the basis of gain in weight but moi-o certainly on 
the basis of gain in weight per gram of nitrogen consumed, 
the criterion primarily employed in this present study for 
evaluating the diets. However, Avhen the diet contained equal 
parts of ham and egg protein, the growth-promoting value 
was practically the same as for eggs alone, and definitely 
higher than the computed value. When the diet contained 2 
parts of ham and 1 part of egg protein, the growth-promoting 
value Avas somewhat higher than the computed value, but lower 
than the value for eggs alone. The results of this experiment 
indicate a moderate supplemental )-elationship between the 
protein in dry-cure ham and that in cooked, spray-dried eggs. 

Statistical tests by means of Fisher’s “t” values for the 
significance of differences between tlie means of the gain in 
weight per gram of niti-ogen consumed showed the followin'*- 
jArobability Amines ; 

Diet 1 with diets 2, 3, and 4 — very highly significant (<.001) 

Diet 4 with diets 2 and 3 — Iiighly significant (< .01) 

Diet 2 with diet 3 — not significant (>.6) 

In experiment no. 2, further tests Avere made on bam alone 
eggs alone and combinations of bam and eggs, together Avith 
supplements of biotin, methionine and cystine added to cev- 
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TABLE 1 

SvppJevientaJ reJaiionship leiiceen the protein in cured ham and that in ^pray-dried 
eggs in 30 -day tests icitli groups of S male rats. 


SOUKCn OF N'lTROr.FN 

DIET 

GAIN IN 
WEIGHT 

FEED 

NITEO- 

GAIN IN WEIGHT 
PER GBAH OF 
NITROGEN 

IN DIET 

NO. 

Ac- Com- 
tual pnted ^ 

SUMED 




DIET 

Ac- 

tual 

Com- 
puted ^ 

Experiment 

Dry-cure ham no. 4320 1 

17m gm gm % 

no. 1 (dry-cured hams) 

105 320 1.60 

gm 

20.48 

gm 

Dried eggs no. 4343 

2 

111 

285 

1.60 

24.26 


Dry-cure ham no, 4320, 
0.8% N + dried eggs • 
no. 4343, 0.8% K 

3 

123 108 

318 

1.60 

24.04 

22.37 

Dry-cure ham no. 4320, 
1.067% N -L dried eggs 
no. 4343, 0.533% X 

4 

117 107 

324 

1.60 

22,62 

21.74 

Experiment 
Cured ham no. 4462 

no. 2 (hams cured by 

1 101 

several 

316 

methods) 

1.60 

19.93 


Cured ham no. 4462 

4" 0.2% methionine 

2 

129 

333 

1.62 

23.66 


Dried eggs no. 4463 

3 

110 

292 

1.60 

23.58 


Dried eggs no. 4463 
+ 5 gg hiotin in 

100 gm diet 

4 

111 . 

291 

1.60 

23.76 


Dried eggs no. 4463 

4- 0.20% methionine 

5 

115 

296 

1.62 

24.00 


Cured ham no. 4462, 

0.8% X -i- dried eggs 
no. 4463, 0.8% X 

6 

119 106 

324 

1.60 

22.8S 

21.76 


Cured ham no. 4462, 
0.8% IS" 4“ dried eggs 
no. 4463, 0.8% jS* -f 


0.2% cystine 

Cured ham no. 4462, 

7 

130 

106 

326 

1.62 

24.51 

21.76 

1.067% X 4” dried eggs 
no. 4463, 0.5337o X 

8 

116 

104 

333 

1.60 

21.53 

21.06 

Cured ham no. 4462, 








1.067% X 4“ dried eggs 
no. 4463, 0.533% X -f 

0.2% cystine 

9 

134 

104 

339 

1.62 

1- 

Cj 

Cl 

21.06 


* The computed gain of rats fed a mixture of liam and eggs is the weighted 
average of gains made hy rats fed the individual product «. 
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tain ones of tliese diets. Statistical tests similar to those 
given for experiment 1 are summarized as follows : 

Diet 1 -n-ith diets 2, 3, 4, 5, G, 7, and 9 — %'cry liiRlily flipnific.ant (<.001) 
Diet 8 with diets 2, 3, 5, 7, and 0 — highly signifionnt (< .01 or .02) 

Diet 8 with diet 4 — significant (< .05) 

Diet 0 with diet 7 — highly significant (< ,02) 

Diet 6 with diet 5 — significant (-<.05) 

DifFerencca between all other diets — not significant. 

The data given in table 1 indicate that the protein in a second 
lot of spray-dried (diet 3) eggs was also higher in growth- 
promoting value than the protein in a composite lot of cured 
hams (diet 1). However, when this lot of ham was supple- 
mented with methionine, the nutritive value of the protein 
was increased to an approximate equality with the protein in 
eggs. It is noteworthy tliat the actual gain in weight of the 
rats on the diet containing ham and methionine was consider- 
ably larger than for the rats on the diet containing eggs 
alone. The addition of biotin to the egg diet was without ma- 
terial effect on growth, and the addition of methionine was 
followed by an insignificant increase. 

IVhen the diet contained equal parts of ham and egg pro- 
tein (no. 6), the growth-promoting value was moderately 
higher than the computed value, but lower, although not sig- 
nificantly, than the value for eggs alone. When this diet was 
supplemented with cystine, the nutritive value was increased 
above that for eggs but not enough to show statistical 
significance. 

The growth-promoting value of diet 8 containing 2 parts of 
ham and 1 part of egg protein was only slightly higher tlian 
the computed value, but the addition of cystine definitely in- 
creased the nutritive value of the protein above that for eo-o-s 

The results of experiment no. 2 indicate only a moderate 
supplemental relationship between the protein in cured bam 
and that in uncooked, spray-dried eggs. The supplemental 
value of methionine for pork protein, and of cystine for mix 
tures of pork and egg protein, is clearly apparent. 
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In table 2 are shown the results of experiment no. 3 with 
cured bam, dried bard-boiled eggs, and with mixtures of these 
foods. A summary of the statistical comparisons shows the 
following : 

Diet 1 diets 2, 3, 4, 5, 6, 7, and 8 — very highly significant (< .001) 

Diet 6 with diet 7 — highly significant (< .01) 

Diet 6 with diets 2 and 5 — significant (< .05) 

Diet 8 with diets 2, 3, 5, and 7 — highly significant (< .01) 

Differences between all other diets — not significant. 

\ 

The growth-promoting value of the protein in eggs was 
definitely higher than that for ham, but when ham was supple- 
mented vith methionine, the nutritive value of the protein was 

TABI.E 2 


Supplemental relationship between the protein in cured ham and that in dried, 
hard-boiled eggs in SO-day tests with groups of 8 male rats (experiment no. 3). 








GAIX IX WEIGHT 



GAIX IX 



PER GRAM OF 

SOUP.CE OF KITROarX 

niFT 

weight 

FEED 

XITRO- 

XITROGEX 

IX DIPT 

xo. 

Ac- 

Com- 

SUMED 

DIET 









tual 

puted 



Ac- 

Com- 






tnal 

piited 



gm 

gm 

gm 

% 

gm 

gm 

Cured ham no. 4464 

Cured ham no. 4464 

1 

108 


339 

1.60 

19.77 


+ 0.2% methionine 

2 

125 


327 

1.62 

23.44 


Dried eggs no. 4466 

Dried eggs no. 4468 

3 

129 


Z4A 

1.60 

23.40 


4" 0.2% methionine 

Cured ham no. 4464, 

4 

135 


336 

1.62 

24.86 


0.8% X 4- dried eggs 
no. 4466, 0.8% N 

5 

139 

119 

373 

1.60 

23.27 

21.59 

Cured ham no. 4464, 








0.8% N 4* dried eggs 
no. 4466, 0.8 % X 








4- 0.2% methionine 

Cured ham no. 4464, 

6 

142 

119 

354 

1.62 

24.72 

21.59 

1.067% X 4* dried eggs 
no. 4466, 0.533% X 

7 

139 

115 

375 

1.60 

23.09 

20.98 

Cured ham no. 4464, 
1.067% X 4- dried eggs 
no. 4466, 0.533%, X 








4- 0.2% methionine 

8 

140 

115 

342 

1.62 

25.24 

20.98 
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practically the same as that of o^gs. When eyjrs were supple- 
mented with methionine (diet 4), there was an appai'ent slight 
inci’ease in growth-promoting value. A mixture of equal parts 
of ham and egg protein had practically the same gi'owth- 
promoting value as eggs alone, and a higher value tlian the 
computed one. 'When this mixture was sup])lementcd with 
methionine, the nutritive value was materially iuci'oased. Diet 
7 containing 2 parts of cured ham protein and 1 part of cooked 
egg i^rotein induced nearly as efiicient growth as egg.s alone, 
and much better growth than the computed value. AVhen this 
diet Avas .supplemented with methionine (diet 8), the growth- 
promoting value was significantly increased. 

The results of experiment no. 3 indicate a definite supple- 
mental relationship between the protein in hard-hoiled eggs 
and that in cured ham, but the growth-promoting value Avas 
further improved by the addition of methionine. The nutri- 
tive Amlue of the protein in cured ham Avas increased to that 
of cooked eggs by the addition of methionine. 

In table 3 are shoA\m the results of experiment no. 4 con- 
cerning the supplemental relationship betAveen tlie protein in 
dried, hard-boiled egg AAdiite and that in fresh liam. The 
statistical comparisons gave the folloAving: 

Diet 1 ivitli diets 2, 3, 4, 5, and C — very liiRlily siRiiiric.ant (< .001) 
piet 6 with diets 3 and 5 — rerj’ Injrhly sigiiificant (< .001) 

Diet 6 ^vith diet 4 — highly significant (< .01) 

Differences between all other diets — not significant. 

The groAvth-promoting value of egg Avhite protein in diet 3 
was materially higher than that of fresh ham, but when the 
latter Atms supplemented Avith cystine, the nutritive value Avas 
increased above that for egg AAdiite alone although not enough 
to be significant (diet 2 Amrsus diet 3). A mixture of equal 
parts of ham and egg A\hite protein in diet 4 did not give a 
significant increase in nutritive value over that of eg<>- AAdiite 
alone. Similar results AA^ere obtained Avith a mixture of 2 parts 
of ham and 1 part of egg white protein, Hgaa’^ca^cv, when the 
latter mixture AAms supplemented Avith cystine (diet 6), the 
groAAdh-promoting Amlue was definitely increased. 
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None of the rats in experiment no. 4 with cooked egg white, 
or in the previous experiments with either raw or cooked eggs, 
showed any symptoms of biotin deficiency. At the end of the 
30-day test with the rats on the diet containing 10% of egg 
white protein, 2 rats were continued on the same ‘diet for 30 
days longer during which period each rat was fed 6 pg of biotin 
weekly. Xo increase in i-ate of growth was observed. 

TABLE 3 

SitpplemeniaJ relationship heiiceen the protein in fresh ham and that in dried, 
7iard-boi?ed egg white in SO 'day tests with groups of 8 wale rats 
(experiment no, 4), 







GAIX IX WEIGHT 



G\IX IX 



PER GRA3f or 

SOTJECZ or KITEOGE>; 

DIET 

WEIGHT 

FEED 

cox- 

SEMED 

XITRO- 
GEX IX 

XITKOGEX 

COXSrilED 

IX DIET 

xo. 

Ac- Com- 



DIET 

Ac- 

Com- 

tual puted 






taal 

puted 



am pm 

pm 

^0 

pm 

pm 

Fresh ham no, 4471 

Fresh ham no. 4471 

1 

111 

332 

1.60 

20.83 


+ 0.4% cjstine 

2 

141 

352 

1.65 

24.26 


Dried egg white no. 4470 
Fresh ham no. 4471, 

3 

126 

343 

1.60 

23.00 


0.8% N -f- dried egg white 
no. 4470, 0.8% X 

4 

128 119 

342 

1.60 

23.36 

21.97 

Fresh ham no. 4471, 

1-067% X -f- dried egg white 
no, 4470, 0.533%, X 

5 

126 

338 

1.60 

23.17 

21.-56 

Fresh ham no. 4471, 







1.067% X -f- dried egg white 
no. 4470, 0.533% X -f 

0.2% cystine 

6 

144 

347 

1.62 

25.55 

21.56 


The results of experiment no. 4 indicate a definite supple- 
mental relationship between the protein in fresh ham and that 
in cooked egg white, hut the growth-promoting value of a 
mixture was increased above that for egg white alone by the 
addition of cystine. 


SUMilARY 

The supplemental relationship between the protein in pork 
and that in eggs, and the effectiveness of cystine and meth- 
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iouine in correcting the deficiency in pork, ^vero determined 
by experiments with young male albino rats with the following 
results : 

The protein in both fresh and cured hams contained insuffici- 
ent cystine -and methionine for optimum growth in rats when 
the diets contained 10% of protein; but when pork protein 
was supplemented with these amino acids, the growth-promot- 
ing value was equal to that of protein in eggs. 

There was found to be a moderate supplemental relation- 
ship between the protein in ham and that in both whole eggs 
and egg whites, but this relationship was materially improved 
by the addition of cystine or methionine. Mixtures of equal 
parts of pork and whole egg protein had approximately the 
same growth-promoting value as egg protein alone, and .sim- 
ilar results were obtained with mixtures of equal parts of 
pork and egg white protein. 

LITERATURE CITED 

Beach, E. F., B. Munks and A. Robinson 1943 Amino ncid composition of 
animal tissue protein. J. Biol. Chem., 1 ^ 8 : 431. 

Hoagland, R., and G. G. Snider 1946 Nutritive value of protein in <lchy6ratca 
meat. Food Rcscarcli, 11 : 494. 

Hoagland, R., N. R. Fllis, O. G. Hankins and G. G. Snider 1945 Nutritive 
value of pork protein and its supplemental value for bread protein. 
XJ.S. Dept. Agric, Tech, Bull,, 906 : 12. 

Lyman, C. M., B. Butler, O. Moseley, S. Wood and F. Hale 1946 The meth- 
ioninc content of meat. J. Biol. Chem., 166 : 173. 

Mitchell, H. H. 1927 Protein values of foods in nutrition. J. Home Economics 
19 : 122 . ' 

Mitchell, H. H., and R. J. Block 1946 Some relationships between the amino 
acid contents of proteins and their nutritive values for the rat J Biol 
Chem., 168 : 699. 

Mitchell, H, H., and G. G. Carman 1926 The biological value of the nitrogen 
of mixtures of patent white flour and animal foods, J. Biol Cl 
68 : 183. ‘ ‘ 

Mitchell, H. H., J. R. Beadles and J. H. Kruger 1927 The relation of the 
connective tissue content of meat to its protein value in nutritio T 
Biol. Chem., ? 8 : 767. ‘ 

Sumner, E. E. 1938 The biological value of milk and egg protein in youn 1 
mature rats. J. Nutrition, 16 : 129. ^ 

Sumner, E. E., and J. R. Murlin 1938 The biological value of milk and 
protein in liunian subjects. J. Nutrition, 16 : 141. 



EFFECT OF EWIEONMENT ON G-EOWTH AND 
FEED AND WATEE CONSUMPTION 
OF CHICKENS 

I. THE EFFECT OF TEMPERATURE OF EIsTIEONMENT 
DUBIEG THE FIRST FTIIvE DAYS AFTER HATCH 

H. G. BAEOTT AKD EMMA M. PRINGLE 
Animal Susbandry Division, Bureau of Animal Industry, TJ. S. Department of 
Agriculture, Agricultural Besearch CentcT, Beltsville, Maryland 

FITE riGUEES 

(Eecaved for pTiblication March 14, 1947) 

INTRODUCTION 

In recent studies witli the respiration calorimeter, Barott 
and Pringle (’46) noted that temperature of environment had 
an important effect on the energy and gaseous metabolism 
of chickens. Baby chicks at an environmental temperature of 
70°F. eliminated 2.35 times as much heat as at 95°P., 5- 
"week-old chickens 1.85 times as much at 45°P. as at 95°P., etc. 

Homoiotherms consume more food at low temperatures 
than at high ones. This must he true because at the lower 
temperatures more food must be metabolized to regulate body 
temperature. However, the capacity of an animal to consume 
and metabolize foodstuffs is limited ; therefore, one would ex- 
pect that there would be a minimum temperature below which 
an animal would perish because it could not metabolize enough 
food for maintenance. At very high temperatures an animal 
does not gi’ow well, probably because of insufficient food con- 
sumption. and above a certain point perishes because it is not 
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able to cool itself sulBoienlly to maintain body tompcralure. 
Between the minimum and maximum for existence there must 
bo a temperature at which the efficiency, i.e., the growth incre- 
ment divided by the food intake, is a maximum. 

Because there are few data on the ofi’cct of temperature 
and other physical factors of environment on growtli and 
feed and water consumption of chickens, an inve.stigation of 
this subject was undertaken at tlie Agricultural Bescarch 
Center. Since such an investigation must be extensive to 
cover the life cycle of the chicken and study the effect of each 
factor (temperature, humidity, light, etc.) separately for all 
ages, it was decided to publish the results as they Averc ob- 
tained. The temperature factor is undoubtedly the predomi- 
nant influence; therefore, its effect was studied first and this 
paper discusses the results obtained with various tempera- 
tures, chickens fi’om time of hatch to 9 days of age being used. 

A seai'ch of the literature reveals a dearth of information 
on growth and feed consumption for the first few days after 
hatch, and as far as could be determined no values liave been 
published on the day-by-day efficiency of feed utilization dur- 
ing the first week. 

The economic importance of determining the optimum con- 
ditions for brooding can be easily understood from tlie fol- 
lowing: In 1945 there were hatched in the United States 
alone 1,600,000,000 chicks with a monetary value of ap- 
proximately $180,000,000. A study by the Ohio Poultrv 
Improvement Association (’43-’44), of 8,317 groups totai- 
ling 2,400.000 chickens showed a mortality of 4% durin" the 
first 3 weeks after hatch. These were selected groups from 
large commercial hatcheries. Over the country as a whole 
the loss would undoubtedly run considerabty higher. If hv 
increased knowledge of proper environmental conditions for 
brooding, even one-fourth of this loss could be prevented, and 
investigation indicates that it could be, a saving of approxi- 
mately $2,000,000 per annum Avoukl be affected. 
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APPARATUS 

For tlie proper conduct of such an investigation, the 
chickens under observation must he housed in such a manner 
that all the physical factors relative to environment are under 
accurate control at all times and that any 1 factor may he 
varied at will while the other factors remain unchanged. 

A room of sufficient size to accommodate the necessaiy 
equipment was, therefore, selected. This room is equipped 
with aii’-eonditioning apparatus to control both the tempera- 
ture and humidih*. A description of the control appax’atus for 
this room has been published by Barott ( ’39). 



Fig. 1 Exterior of the 3 honses used in the experiments. 

Three small houses (fig. 1) were huilt^ within this room. 
Each is 5 feet by 6 feet by 7 feet high.'^Tlie walls, floor and 
ceiling are constructed of compressed cork hoard 2 inches 
thick, covered on either side with l-ineh wall hoard which is 
painted Avhite. Each house is fitted with apparatus for the 
accurate control of all the physical factors to he investigated. 

Figure 2 shows a view of the interior of one of these houses. 
For temperature control, an electric heater coil (fig. 2a) is 
supported from the frame of a fan (fig. 2b) in such a manner 
that the air from the fan passes over the tunis of the coil. 
The power supply to this heater is controlled by a hi-metallic 
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tliermostat (fig. 2c) wliich niay ])e sol i'or any lompornture 
between 0° and 200°F. and has a sonsilivity of ± 0.3r)°F. The 
fan is in motion at all timos whotlior the heater is on or off, 
in order to keep tlie air in the lionse well stirred so lliat tliei'e 
will bo little temperature or humidity gradient. 



Fig, 2 Ijiterior of one of the houses contiolled eiivnoumeut 


For ventilation purposes there are 2 vents in tlie ceiliii<>- and 
a vent with a damper in the rear wall (fig-. 2d). By adiustim*- 
these apertures as much fresh air as desired may be ad'mitlecr 
The humidification of the air is accomplished as follows- 
A light copper wheel (fig. 2e), 9 inches in diameter with 64 
vanes, each 3 inches by 3 inches, is mounted on ball boarin«-s 
in such a manner that as the wheel rotates the vanes dip into 
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a pan of water wliich is covered except for tlie opening for 
tlie ■wheel. This -wheel is made to rotate hy the air from a 
fan which is placed at the rear of the wheel. As the dampened 
vanes of the rotating wheel come "within the air stream from 
the fan, sufficient water is vaporized and carried awav in the 
air stream to bring the humidity inside the house to any 
predetermined level. Humidity control is hy the humidistat 
(fig. 2f), which controls the power supply to the fan. When 
the humidity reaches the desired level the humidistat opens 
the fan motor circuit, causing the fan to stop and, therefore, 
also the wheel for humidification. As soon as the humidity 
drops slightly, the humidistat again starts the fan and thus 
the paddle wheel. By this means the humidity is always kept 
at the desired level. 

A continuous record of temperature and humidity was kept 
on a chart of a Friez Recorder (fig. 2g) suspended directly 
over each cage. The recording apparatus was calibrated be- 
fore the experiment started. The temperature graph was 
checked daily hy a calibrated mercury thermometer and the 
humidity by an aspirating psychrometer. 

, A white fluorescent lamp, 4 feet long, of 40 watt capacity, 
attached to the ceiling directly over the cages, was used in 
each of the houses. Any type or color of light can be used by 
changing the bulb or, if necessary, the fixture. The light 
periods (of which there were 3 or 4) were controlled by a 
time clock (fig. 2h). The total duration of these periods was 
12 hours out of each 24 hours. 

PEOCEDURE 

The chickens used were from selected flocks of Rhode Island 
Reds. The breeding birds were maintained and the eggs 
hatched at the Agricultural Research Center. The chicks were 
removed from the hatcher when the average age was about 
12. hours. They were not sexed but it developed that they 
were fairly evenly divided between the 2 sexes. A total of 
300 to 400 chicks were provided for each test from which 90 
of as nearly identical weight as possible were selected. The 
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average weiglit of all the chicks used vas 40.5 gui, villi a moan 
deviation in weight for the lot of approxiinalely 1 gm. After 
selection, the chicks were leg banded and divided into 3 lots 
of 30 each. One group of 30 chicks was placed in each of the 
3 houses in which the environmental conditions for the experi- 
ment had already been established. Tlic chicks were brooded 
without a hover; consequently, they were at all times in an 
atmosphere of uniform temperature and humidity. 

The following routine was observed at the same time each 
day. The chicks wore weighed individually and as a unit and 
placed in the brooder. The water troughs (fig. 2i) were 
scrubbed and fresh water poured into them. Enough feed 
was added to the feed troughs (fig. 2,i) to bring the feed in 
them up to the desired level. The troughs wore weighed after 
these additions and the observed weights recorded as the 
initial weights of a 24-hour period. At the end of 24 liours, 
the chicks were removed from the brooder and weighed. The 
difference between this weight and the weiglit at the start of 
the period gave tlie gain in weight for that period. The feed 
and water troughs were also weighed at the end of 24 hours. 

The difference between the initial and final weights equalled 
the amount of feed eaten and water drunk after correction 
for evaporation of water from the water trough and evapora- 
tion or absorption of water vapor from the atmosphere bv 
the feed troughs. Coi-rection factors for this gain or loss of 
water were obtained by using 2 check troughs (fig. 2k and 
21) identical in shape and size to those used for the chicks. 
These troughs were provided vfitli the same amount of feed 
and water as the regular troughs but were placed out of 
reach of the chicks. The change in weight of these troimlis 
was obtained each day and applied as a correction factoiMo 
the amount of water drunk and feed eaten. The diet (with the 
addition of 1 mg of synthetic riboflavin per kilogram of feed) 
fed to the chicks throughout the experiments had the follow- 
ing percentage composition: ground yellow coni, 37.575. 
ground wheat, 20.00; ground oats, 10.00; alfalfa loaf meal’ 
3.00; soybean meal, 20.00; sardine meal, 5.00; dried skim 
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milk, 2.00; ground limestone, 1.00; steamed bonemeal, .90; 
salt (96% Nad; 4% mn.So 4 ), .50, and vitamin D powder 
(2000 Mg/gm), .025. 

Tbe first experiment was started May 22, 1944, and 72 ex- 
periments bave been made witb chicks from time of batch to 
9 days of age. As the environment in each small house was 
controlled independently of the other houses, it was possible 
to conduct 3 expeiiments simultaneously. Thirty chicks were 
placed in each house during an experiment; consequently the 
work herein reported comprises data involving the use of 
2,160 chicks. Mortality was practically nil. Occasionally a 
chick was caught in the wire floor and injured so that it had 
to be destroyed, but no deaths were due to infections or dis- 
ease and none to environment. 

When the analysis of the results was started, the question 
arose as to how to obtain the true gain in weight from day 
to day. Before hatching, the chick takes the yolk of the egg 
into the body cavity to be used as food material during the 
first few days after hatching ; thus for several days the system 
contains decreasing amounts of this substance. When the 
chick starts to eat, undigested and unassimOated feed ac- 
cumulates in the digestive tract. This feed and yolk are not 
properly a part of the chick until they are metabolized and 
utilized for body budding. Therefore, it was decided to elim- 
inate these factors and use the true increase in weight as a 
basis for analysis of the effect of temperature of environment. 

To deteiTnine the quantity of extraneous matter, .30 chicks 
were dissected each day from the first day after hatching to 
the tenth day. They were dissected after a dark period (con- 
sequently after a period of no feeding) so that the crop was 
• invariably empty. All weights used in these experiments were 
taken after a dark period of 4 hours so that the amount of 
feed in the system of the chick was comparable to that found 
by this dissection. The yolk sac and yolk and the contents 
of gizzard and of the intestinal tract of each chick were care- 
fully isolated and weighed. A mean value for each of these 
quantities was taken for each day and the total amount was 
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used as a correction factor to Ihc weigh! of Ihe cluck. In 
other words, the observed weight, niimis foodstuffs within 
the body, gave the true weight for the purpo.se of analysis, 

RESULTS AND DISCUSSION 

Figure 3 shows the mean weight each day of (1) yolk sac 
and contained yolk, ( 2 ) gizzard contents and (3) intestinal 
contents. Curve 4 shows the sura of those 3 quantities and it 
was from this curve that the values were obtained which were 
subtracted from the observed weight of the chick each day. 



Fig. 3 Correction applied to cMclc ^veight for extraneous matter in svstem 


The difference in these corrected weights gave the true "ain 
in weight from day to day. 

Little is known about the optimal environmental tempera- 
ture for brooding. United States Department of Agriculture 
Fanners Bulletin No. 1538 states that it is the custom to start 
brooders at about 95°F., and that in those with small hovers 
the temperature is reduced 3.5° to 5.0°F. weekly down to 70°F 
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Tlie heat is ordinarily cut off after the chick is ‘well feathered. 
Blectricallj* heated battery brooders are usually operated in 
a room where the temperature is maintained at from 60° to 
70°F. Of course, this does not give much infonnation as to 
optimal brooding temperature, for the cliick can change posi- 
tion from the hover to the cooler environs at will. "Whether 
the chick grows better and is more sturdy when brooded at 
a uniform temperature or as ordinarily with a hover is one 
of the questions which will be studied. All that can be said 
at present is that there was a mortality of less than 1% the 
first 9 days when the chicks were brooded without a hover, the 
chicks were well feathered and the growth was satisfactory. 

In the espeiiments herewith reported the temperature 
ranged from 96° to 85°F. for the first day after hatch and 
from 92° to 80° for the ninth day after hatch. 

The humidity was kept between 60 and 70% in aU experi- 
ments and the feeding time was approximately 12 hours out 
of each 24-hour day. The total feeding time was divided into 
3 or 4 periods. 

The data obtained for each experiment were computed for 
(1) daily gain in weight in grams and in percentage increase 
over the original weight, (2) grams of feed consumed per 
chick per day, (3) grams of water consumed per chick per day. 

From comparative analyses of the results obtained in all 
the experiments which were conducted at any given tempera- 
ture, the percentage of gain in weight of the chicks for 9 days 
was obtained. The results for each temperature were plotted 
and curve 1, figure 4, constructed through the plotted points. 
The numeral at each point designates the number of experi- 
ments used to obtain that point, e.g., a point with the figure 11 
designates 11 experiments of 30 chicks each or a mean for 
330 chicks. The point is plotted at the temperature which is 
a mean for that group. The range in temperature for each 
gi’oup can be determined from table 1. 

Curve 1, figure 4, shows a very definite variation in growth 
rate due to temperature. The maximum growth was obtained 
when the mean temperature was 91°F. and equalled a 59% 
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increase over tlie orig-inal veiglii in 9 days. This occurred 
when the cliicks were kept in an envii'onniental tcinporatnre 
of 94°-95°F. the first clay and thereafter (he toiniJevature was 
decreased uniformly to S8°F. on (he nintli day, Tlie gain in 
weight was less at other toraperalures studied and hecnino 


rrs^i j cut?vE^ r nTTCzrjT^.’UT.^iOT 
OF E:x<»ERIMFNTS PERrORVCOlAT THAT TEMPC^^ATURdl 
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Fig. 4 Effect of temperature of embroilment on growth and cfficiencv of 
feed utilization during first 9 days of age. 


TABLE 1 

A^im6cr of experiment^; oi fcmprrafnrr.^ fttnelirfh 


NUMBER OF 
EXPERIMENTS 


TEMPERATimB 
1st day ("F ) 


TEMt'E!! VTl'llE 
9TU I>\Y (‘’f ) 


2 

96 

92 

5 

95 

91 
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94 

91 

5 

96 

88 

.1 

95 

88 

.1 

94 

88 

5 

92 

88 

5 

93 

84 

6 

90 

83 

5 

85 
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less and less the farther the deviation below or above the 
temperature where maximum growth occurred, until at a 
temperature of 82.5°F. (initial temperature 85°F., final tem- 
perature 80°F.), the increase in weight was only 44%. 

Two experiments were performed with a constant tempera- 
ture throughout the 9 days, 1 at 93°F., and 1 at 91°F. At 
93°F. a 54% increase in weight over the 9 days was noted; 
at 91°F. a 55% increase. Since in each of these experiments 
the growth in 9 days was less than when the temperature 
was decreased day by day it was concluded that it was less 
satisfactory to maintain a constant temperature. 

Kleiber and Dougherty (’33) published the results of a 
well-conducted experiment on the effect of environmental 
temperature on growth and feed consumption between 5 and 
15 days of age. They found that the lower the temperature 
between 21° and 40°C. (69.8° and 104°F.) the better the 
growth. This was not true in our experiments with chicks 
between time of hatch and 9 days of age. However, it might 
be expected that younger chickens would need a higher 
temperature for satisfactory growth. 

The ad libitum feed consumption per chick (a surplus of 
feed was before the chicks at all times so they could eat as 
much as they desired) was practically constant in amount 
between the temperatures of 82° and 94°F. Therefore, curve 
2, figure 4, which shows the efficiency of the chick in feed 
utilization (grams gain in weight divided by the grams of 
feed eaten), has practically the same form as curve 1. At 
91°F. the gain in weight equalled approximately 0.38 gm per 
gm of feed eaten. As the temperature was lowered the rate 
of growth became less and less so that at an average tempera- 
ture of 82°F. the efficiency had dropped to 0.26 gm of growth 
per gm of feed. The efficiency also became increasingly less 
as the temperature was raised above 91°P. until at 94°F., it 
was 0.33 gm of growth per gm of feed eaten. 

After the range of temperature was detennined within 
which the growth of the chicks was maximum, results from 
the 22 experiments (660 chicks) conducted within this range 
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were analyzed to obtain the values shovTi by curves 1 to 4, 
inclusive, in Sgure 5. 

Curve 1, showing the increase in weight each day in grams, 
seems to be nearly lineal for the first 5 days ; thereafter the 
rate appears to accelerate. 

Curve 2 showing percentage increase over original weight, 
is the typical growth cuiwe for chicks. Growth starts slowly 
for the first days after hatch and accelerates each day until 



AGE (DAYS) 

Fig. 5 Growth and feed and water consumption of chicltens from liatch to 
9 days of age. 
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the gi’OAvth between the eighth and ninth days is 6 times 
greater than that between the start and the first day. The 
growth between the eighth and ninth days was over 10% of 
the weight on the eighth day. 

Curves 3 and 4, showing feed and water consumption, ap- 
pear to he lineal, the amount consumed each day being 
approximately 1.0 gm of feed per chick more than was con- 
sumed the previous day and 1.7 gm of water per chick more 
than the previous day. 

From curves 1 and 3 (fig. 5), it was possible to compute the 
efficiency of the chick in the utilization of foodstuffs. The 
daily gain in weight in grams (from curve 1) divided by the 
daily feed consumption (from curve 3) equals the efficiency. 
Results obtained in this manner are shown in cui-ve 5, drawn 
through the plotted points. On the first day the efficiency was 
found to be 0.36. It rose to 0.38 on the third day, remained 
practically constant at that figure on the fourth and fifth days 
and rose to 0.43 on the ninth day. 

Kleiber and Dougherty (’33) found an efficiency of feed 
utilization, based on diy weight of feed, of 0.375 at 32°C. 
(89.6°P.) for chicks between 5 and 15 days of age. In the 
investigation herein reported with chicks between time of 
hatch and 9 days of age an efficiency of 0.35 was found at 
this same temperature. The feed given to these chicks con- 
tained 10% of moisture. When the feed was calculated on a 
dry weight basis, the efficiency of the chicks at 32°0. (89.6°F.) 
was 0.39. 

Hammond et al. (’38) indicated the efficiency of feed utiliza- 
tion as a straight line with a maximum value at hatch and 
decreasing to zero when growth ceases. This conclusion was 
based on weekly weights of chickens. The efficiency reported 
herein is least at hatch and increases gradually for the first 
9 days. It will ultimately become stable and then begin to 
decrease because the efficiency when growth ceases is zero. 

Curve 6 (fig. 5), shows the relation between feed consumed 
and water drunk, i.e., grams of feed consumed per chick per 
day, divided by the grams of water drunk per chick per day. 
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This curve starts at 0.61, I’ises io 0.63 on the fourth day and 
remains constant at this figure to the ninth day. On tlie ninth 
day after hatch, the chick consumed approximately 2.35 gra of 
feed to increase its weight 1 gm and drank approximately 
1.6 gm of water for each gm of feed eaten, 

suAtjiAny 

r 

Chicks were housed in controlled environment without a 
hover for the hx’st 9 days after hatch in order to determine 
the optimum temperature for growth and efficiency of feed 
utilization. Thirty chicks Avere used in each experiment and 
a total of 72 experiments were performed. IMortality for all 
experiments was practically nil. Relative humidity was kept 
between 60 and 70% in all experiments. The cliicks Avere 
alloAved 12 hours ad libitum feeding time, diA-ided into 3 or 4 
periods Avith an equal dark period hetAveen each feeding 
period. 

The temperature was varied Avith different lots of chicks, 
from a mean temperature of 94°P. over the 9 days (96° for 
the first day and gradually reduced to 92°F. the ninth day) to 
a mean temperature of S2.5°P. oA^er the 9 days (85°P. the first 
day and gradually reduced to 80°P. the ninth day). 

Maximum growth and efficiency of feed utilization Avere 
noted when the temperature was 94°-95°P. the first day drop- 
ping uniformly to 88°P. on the ninth day. The growih under 
these conditions equalled a 59% increase over the original 
AA'eight in 9 days. (All AA-eights of chicks A\'ere obtained 4 liours 
after the last feeding period, and therefore there was no feed 
in the crop.) The mean efficiencj^ of feed utilization over the 
9 days was 0.38. Both gTOAAdh and efiiciency became less as 
the temperature varied from this range : the greater the devia- 
tion, the greater the difference, until at 82.5°P. (85° to 80°P.) 
the increase in Aveight was only 44% and the efficiencA’^ 0.26 
At 94°P. (96°-92°P.) the increase in AAmight AAms 54% and' 
the efiSeiency 0.33. The amount of feed consumed increased 
approximately 1 gm per day per chick. On the ninth day after 
hatch the chick consumed approximately 2.35 gm of feed for 
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every gui increase in -weiglit and drank approximately 1.6 gm 
of water for eack gm of feed consumed. 
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RIBOFLAVIN EXCRETIONS AND TEST DOSE RE- 
TURNS OP YOUNG WOMEN DURING PERIODS 
OP POStTR^E AND NEGATIVE NITROGEN 
BALANCE 

HELEN OLDHAM, ELIZABETH LOLTOIS' AND THELMA PORTER 
Department of Home Dconomics^ VniveTsiXy of Chicago, IJUnois 

(Received for publication January 20, 1947) 

An inverse relationship betveen the protein intake and 
the nrinaiy excretion of riboflavin in dogs and rats was 
demonstrated by the studies of Sarett and associates (’42, 
’43). They found that a decrease in the protein content of the 
diet, associated with a negative nitrogen balance produced an 
increase in the urinary excretion of riboflavin; an increase 
in the protein content of the diet, associated with a positive 
nitrogen balance, produced a decrease in the urinary ribo- 
flavin excretion. That such a relationship also existed in 
children was indicated in a study carried out in our laboratory 
(Oldham et ah, ’44). When 2 pre-school children were on low- 
protein intakes during the course of acute upper respiratory 
infections, their urinary riboflavin excretions increased; when 
they retuimed to normal protein intakes, their riboflavin 
excretions decreased despite the fact that their riboflavin 
intakes had been maintained at a constant level. Both the 
reduced protein intakes and the elevations in body tem- 
perature which accompany infections usually tend to 
produce negative nitrogen balances. Therefore, although the 
nitrogen balances were not determined, it seemed that, in all 
probability, they were negative. 

The 3-fold purpose of the present study was to note the 
effect of high- and low-protein intakes on (a) the nitrogen 

'These data were presented by Elizabeth Eounds in partial fulfillment of the 
requirements for the degree of Master of Science at the Eniversitv of Cliicaco 
June, 1046. * ' 
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balances, (b) tbe excretions of riboflavin and (c) the riboflavin 
test dose returns of young women. 

EXPERIMENTAL 

The subjects ^Yere 3 young women, 26 to 27 years of age, 
whose physical examinations sliowed no abnormalities. Prior 
to the study, the dietary liistories of subjects G and E .showed 
apparently adequate intakes of all essential nutrients. That 
of subject L indicated an apparently inadequate intake; both 
her protein and her riboflavin intake were judged to be less 
than adequate according to present day standards. 

After a 5-day preliminary period, the subjects were main- 
tained on weighed diets for 3 periods of 10 days each. TJie 
protein intakes were low during the first period, high during 
the second and low during the third. The riboflavin intakes 
were relatively constant throughout the study and were 
somewhat lower than the recommended allowances for women. 

A typical day’s diet on both the low- and the high-protein 
intakes is shown in table 1. A variety of foods was served 
daily and the servings were of average size in most cases. 
In addition, as much day-to-day variation was allowed in 
the kinds of fi'uits and vegetables served as was possible 
without significantly altering the daily protein and riboflavin 
intakes. 

The diets were planned to meet the recommended daily al- 
lowances of the Pood and Nutrition Board of the National 
Research Council (’45) for all nutrients except protein and 
riboflavin. Daily supplements of 700-900 mg of calcium as 
dicalcium phosphate -wafers, 0.5 mg of tliiamine ^ and 10 mg 
of niacin were given in the periods of lo-w-protein intake (I 
and III) to complete the allow'ances and to more nearly ap- 
proximate the daily intakes of period II. 

The average daily intakes of different nutrients were cal- 
culated for 5 days during each period and ax'e shown in table 
2. Tables of food values compiled by Bo-wes and Church (’44) 

»We wish to express our appreciation to Merck and Company for furnishmg 
the synthetic vitamins used in the study. 
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TABLE 1 

Typical menus on low and high protein diets. 


BREAKTAST 


LTJKCH 


niXN'ER 




gm 


pm 


pm 




Low-protein 

diet 



Orange juice 

100 

Baked potato 

100 

Ham 

40 

Blueberries 


75 

Asparagus 

100 

Yams 

100 

Rice flakes 


20 

Carrots 

100 

Cauliflower 

75 

Bread 


15 

Prunes 

50 

Head lettuce 

50 

Cream 


100 

Lettuce 

20 

French dressing 

10 




Mayonnaise 

10 

Crushed pineapple 

100 




Jello 

100 

Bread 

15 




Bread 

20 

Lemon juice 

30 




Grapefruit juice 

150 






High-protein diet 



Grapes 


100 

Roast lamb 

100 

Baked trout 

1.50 

Cornflakes 


25 

Green beans 

50 

Com 

100 

Bacon 


12 

Squash 

100 

Cabbage 

50 

Bread 


45 

Celery hearts 

50 

French dressing 

10 

Cream 


50 

Applesauce 

100 

Orange 

100 




Bread 

45 

Bread 

45 




Peanut butter 

20 

Photolyzed non- 





Punch : 

Grape juice 

100 

fat milk solids ^ 

50 




Lemon juice 

50 






Gelatin 

20 



Ad libitum on both diets J sugar, butter, jelly and coffee. 


^ Served with sugar and vanilla as a milk-shake. 






TABLE 2 





Calculated average daily intalces of different nutrients. 


rr.RioD 

CAU. 

PRO- 

TEIN’ 

CARBO- 

FAT HT- Ca P 

DRATE 

Fe 

MINE CIN 

VIT. C 



am 

/ 7 m pm pm pm 


I.T7. mp mp mp 

mp 

I 

150S 

32 

60 210 1.3 2.1 

9 

10,390 1.4 0.9 19 

162 

II 

2133 

110 

81 241 0.8 1.4 

12 

3,360 1.2 1.1 23 

122 

III 

2024 

28 

80 298 1.1 1.7 

10 

13,590 1.5 0.9 18 

206 

Rccom- 







mended 

allow- 





- 


ancc 

2100 

60 

0.8 

12 

5,000 1.1 1..5 11 

70 
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and by Tajdor (’42) wore used. That the caloric inlaice was 
undesirably low in period T was verified bj' weight losses in 
all of the subjects; this condition was corrected in periods II 
and in during which time usual weiglits were regained and 
maintained. The amount of iron was slightly lower than that 
recommended, but it seemed highly improbable that this would 
influence the results in a study of such short duration. There- 
fore, no iron supplement was given. Tlie vitamin A intake 
was low in period II, but the average intake for all periods 
was Avell over the recommended allowance. 

Individual food composites, consisting of one-fifth of the 
amount of each food eaten with the exception of bread, dn.* 
cereals and coffee, were made for 5-day periods. The bread, 
dry cereals and coffee were analyzed separately. Butter and 
cane sugar were not analyzed. 

Test doses of 20 ag of riboflavin per kilogram of bod}’ 
weight were given immediately before breakfast at the be- 
ginning of the study and at the end of each experimental 
period; this was followed by a 4-hour urine collection. On 
the previous day, after an identical breakfast, a 4-hour control 
urine specimen was collected. The brealffasts on these days 
were essentially the same throughout the study, although the 
diet as a whole was a continuation of the diet in the preceding 
period. The test dose returns were calculated by subtracting 
the amount of riboflavin excreted in the control sample from 
that excreted after the test dose. 

Complete collections of both urine and feces were made 
throughout each experimental period. Twenty-four urine spec- 
imens were collected daily. Each sample was immediately 
preserved with hydrochloric acid and toluene and then re- 
frigerated. Five-day fecal collections, marked with carmine 
were homogenized with 95% alcohol, acidified witli hydro- 
chloric acid to a pH of 1.0 and refrigerated. 

The daily urine specimens and the 5-day food and fecal 
composites were analyzed for nitrogen by the Kjeldahl method 
and for riboflavin by the microbiological method of Snell and 
Strong (’39) as modified by Strong and Carpenter (’42). 
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Daily nitrogen balances were calculated by subtracting the 
daily urinary excretions and average daily fecal excretions 
from tbe average daily intakes. 

EESULTS AXD DISCUSSION 
Rihofavin excretions and nitrogen balances 
Tbe average daily riboflavin and nitrogen intakes, the 
corresponding fecal excretions, the daily urinarj’- excretions 
and the daily nitrogen balances of the individual subjects for 
the first and last half of each period are shown in table 3. 

On daily nitrogen intakes of approximately 5 gm in period 
I, subject C was in negative nitrogen balance for 9 out of 10 
days and E for the entire 10 days. The balances were de- 
cidedly negative during the first part of the period. Later 
they were only slightly negative and by the eighth day they 
were in approximate equilibrium. The corresponding daily 
riboflavin excretions were 600 pg or more (approximately 
60% of the intake) when the nitrogen balances were strongly 
negative and from 200 to 350 pg (approximately 30% of the 
intake) when the nitrogen balances were only slightly negative. 

In period II, on nitrogen intakes of 18 and 19 gm both sub- 
jects were in positive nitrogen balance for the entire 10 days. 
In both cases, the greatest storage occurred during the first 
part of the period. Although the riboflavin intakes were some- 
what higher in this period than in period I (1285 and 1450 pg 
as compared to 950 pg), the daily riboflavin excretions imme- 
diately dropped to about 100 pg (approximately 7% of the 
intake). 

In period in, when both the nitrogen and the riboflavin 
intakes of subjects C and E were comparable to those in 
period I, the nitrogen balances were again decidedly negative 
during the first part of the period and approached equili- 
brium in the last part. The daily riboflavin excretions were 
decidedly higher than those of period II. They represented 
almost 40% of the intake when the nitrogen balances were 
strongly negative and about 20% of the intake as nitrogen 
equilibrium was approached. 
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Altliongli tlie nitrogen losses of both subjects were greater 
in period III than in period I, tbe riboflavin excretions were 
less. This can probably be explained on tbe basis of tbe diets 
prior to tbe study. Both subjects bad regularly consumed a 
diet wbicb included at least pints of milk daily as well as 
generous amounts of meat, eggs, vegetables and fruit. Tbeir 
daily riboflavin intakes on sucb diets were obviously con- 
siderably more than 1000 pg. Therefore, they excreted rela- 
tively large amounts of riboflavin during tbe first few days 
as they adjusted to tbe lower intakes. 

The results obtained on subject L show the same general 
pattern as those on subjects C and E, but at a different level. 
Her nitrogen balances were for tbe most part, slightly posi- 
tive during period I on tbe low nitrogen intake. This indicated 
that tbe nitrogen content of her diet prior to tbe experiment 
had probably been quite similar to that of her diet in period 
I. Additional evidence of this was obtained from her dietaiy 
history wbicb showed that her eating habits bad been both 
irregular and erratic; for tbe most part she bad subsisted 
on snacks taken at odd intervals rather than regular meals. 
Still further evidence of her depleted state is shown by tbe 
magnitude of her nitrogen balances in period II on tbe bigb- 
protein diet. She stored over twice as much nitrogen in that 
period as subjects C and E. Following these strongly positive 
balances, her. balances were negative in period HI, although 
to a lesser degree than those of subjects C and E. Tbe daily 
riboflaHn excretions of subject L followed tbe same general 
trend as those of subjects C and E, but also to a lesser degree. 

Correlation coefficients,^ calculated between tbe daily ni- 
trogen balances and riboflavin excretions were found to be 
highly significant for all 3 subjects. They were — 0.69, — 0..57 
and — 0.69 for subjects C, E and L, respectively. 

This shows that in human subjects as in animals an inverse 
relationship exists between urinaiw riboflavin excretions and 
nitrogen balances. This relationship seems to hold, regardless 

’ Corrol.Ttioii cocfHcicnts were cnlculafed according to the Product-Moment 
fonnuln. 
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of whether the negative nitrogen balances are brought about 
by a low-protein diet or by other factors (Andrea et ah, ^46; 
Roderuck et ah, ’46). It also seems to be independent of small 
changes in bodj' weight. In the present study, weight losses 
of 1 to 24 kg occurred in all 3 subjects during period I and 
gains of approximately 1 kg were made by 2 of the subjects in 
period II. In period III, however, only 1 subject showed a 
change in weight. 

It is not surprising that riboflavin and labile protein are 
closely related since the main storage organ of both is the 
liver (Luck, ’36; Kosterlitz and Campbell, ’45). Although the 
kidney also has a high concentration of riboflavin (Taylor 
et ah, ’42; Mitchell and Isbell, ’42), Czaezkes and Guggenheim 
(’46) report that it is unable to store this vitamin. 

That the riboflavin content of the livers of animals is de- 
pendent on protein intakes rather than on riboflavin intakes 
has been demonstrated in several laboratories (Sarett and 
Perlzweig ’43: Unna et ah, ’44; Reisen et ah, ’46; Czaezkes 
and Guggenheim, ’46; Wright and Skeggs, ’46). The rela- 
tively high riboflavin excretions during periods of negative 
nitrogen balance may be the result of tbe inalnlity of the liver 
to store riboflavin or the release of previously stored ribo- 
flavin or both. The findings of Czaezkes and Guggenheim 
(’46), however, indicate that the low riboflavin excretions 
during periods of positive nitrogen balance cannot be due 
to storage of the vitamin by the liver. These authors be- 
lieve them to be due to an increased dietary requirement which 
in turn, results from a decreased intestinal sjmthesis since 
both the fecal riboflavin excretion and the number of viable 
bacteria in the feces of their animals on the high-protein 
diet were less than those of animals on a normal diet. 

In the present study, however, no such decrease in fecal 
riboflavin occurred during the period of high-protein intake 
(table 3). Although these data cannot be interpreted as evi- 
dence that there was no change in the rate of intestinal S 5 m- 
thesis, they do make it seem questionable and would lend 
support to the possibility that other factors may have been 
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operating, in tlie case of these subjects, to promote Kver 
storage or to increase the requirement of the vitamin. 

Riboflavin lest dose returns 

Since the amount of riboflavin excreted in the urine varied 
vdth the coexistent nitrogen metabolism, it -would seem logical 
to expect the returns of riboflavin test doses to sho-w a similar 
variation. Sarett et al. (’42) found such to he the ease in 
dogs. In the present study the returns of subjects C and L 
were lower after periods of positive nitrogen balance or ap- 
proximate equilibrium than after periods of negative nitrogen 
balance (table 4). Those of subject E, however, increased 


T.ABLE 4 

Per ceni reiurn of riboflavin test doses. 



PRE PEP.IOD 

PERIOD I 

PERIOD ir 


PERIOD m 

JECT 

Test 

dose 

4-ho'ar 
return ^ 

Te«:t 

do'ie 

4 hour 
return * 

Test 

do«e 

4 hour 
return ^ 

Test 

dose 

4-hoar 
return * 


Uff 


PP 

PP ^0 

PP 

PP 


PP 

PP 

c 

1000 

188 19 

990 

322 33 

1001 

224 

22 

986 

366 37 

E 

1100 

180 16 

1089 

207 19 

1086 

288 

27 

1087 

332 31 

L 

3200 

49 4 

1238 

54 4 

1274 

64 

5 

1256 

113 9 


' Corrected for the amount excreted during the 4-hour control period. 


progressively throughout the study and showed no relation- 
ship to her nitrogen balances. As a result no definite conclu- 
sions can be drawn from these data as to the effect of nitrogen 
balances on test dose returns. However, since 2 of the sub- 
jects showed the same inverse relationship as was found by 
Sarett et al. (’42), on dogs, and since Czaezkes and Guggen- 
heim (’46) reported that rats on a low-protein diet lacked the 
ability to retain riboflavin, it would seem advisable to give 
consideration to the nitrogen metabolism when interpreting 
the results of riboflavin test dose returns. 

SUMMARY -AXD COXCXUSIOXS 

Three young women were maintained on weighed diets 
for 3 periods of 10 days each. The daily nitrogen intakes were 
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approximately 5 gm during tbo fii'sl period, 19 gm during the 
second and 5 gm during the tliird. The daily riboflavin in- 
takes were approximately 1000 ng during the first period, 
1200 to 1400 ^Jg during the second and 1000 ng during the third. 
Urinary riboflavin and nitrogen excretions were determined 
dailj’-; the amounts in foods and feces were determined on 
individual 5-day comjjosites. Daily nitrogen balances were 
calculated by subtracting daily urinary excretions and aver- 
age daily fecal e.xcretions from avei’age daily intakes. 

The majority of the nitrogen lialances wore negative dur- 
ing the periods of low-nitrogen intake and all were positive 
dui'ing the period of higli-nitrogen intake. 

Daily riboflavin excretions varied inversely with tbe co- 
existent nitrogen balances. They represented from 40 to 60 % 
of the riboflavin intake when the nitrogen balances were de- 
cidedly negative and ai^proxiinately 7% of tlie intake wlien 
the nitrogen balances were strongly positive. 

The returns of riboflavin test doses given at the end of each 
Ijeriod showed the same inverse relationship with the nitro- 
gen balances in 2 of the subjects. 

Fecal riboflavin excretions did not appear to be influenced 
by the alterations in the composition of the diet and showed no 
relationship to the nitrogen balances. 
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Comparative studies of the effects of omnivorous and 
purely vegetarian diets on the growth and longevity of rats 
seem of interest as the increasing population of the world 
tends to compel the use of a larger proportion of foods of 
vegetable origin in the human diet and the view is widely 
held that a vegetarian diet promotes health and longevity. 
Slonaker (’12) determined the effect on rats of a diet which 
he called a strictly vegetarian diet hut this diet included 
bread, cooldes and other items which introduced small amounts 
of foods of animal origin, such as milk, butter and eggs. The 
gro.wth of Slonaker ’s rats on the so-called strictly vegetarian 
diet was nevertheless impaired and they lived only about half 
as long (555 days) as control rats (1020 days) which were fed 
the same diet with the addition of meat and other foods of 
animal origin. Extensive comparative studies of the effects 
of purely vegetarian and omnivorous diets were made on 
rats by Wu and his associates (Wu and Wu, ’28 ; Wu, Wan aiid 
Chen, ’32; Chang, Wu and Chen, ’41; and Chen, Chang and 
Luo, ’41). The growth of rats on the best (economical) purelv 
vegetarian diet that Wu and his associates devised was in- 
ferior to growth on their omnivorous diets but the vegetarians 

* This study was aided by a grant from Swift and Co., Chicago. 

SI 
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Avere found to live as long or longer than the omnivorous rats 
(Chang, Wu and Chen). That is, the male vegetarians did 
not live significantly longer (540.1 days) than the omnivorous 
males (526.7 days) hut the vegetarian females lived signifi- 
cantly longer (611.1 days) than the omnivorous females 
(526.9 day.s). The longer life span of the vegetarian fe- 
males Avas attributed to their retarded groAvth hut this doe.‘; 
not explain A\djy the vegetarian males failed to live signifi- 
cantlj’ longer than the omnivorous males. The data of Chang, 
Wu and Chen .sIioav that their omnivorous females did not 
Inn longer than the omniA'orous males and this is contrary 
to general findings. It therefore seems tliat, instead of the 
life span of the females having been lengthened by a A-ege- 
tarian diet, the life span of tlie females on the omnivorous 
diets Avas somehoAv shortened. A further study of the effect 
of omniA’orous and Angetarian diets on longe\'ity and inci- 
dentally, on groAvth thei'efore aiJpeai-ed to be desirable. 

METHODS 

As indicated in a preceding paper (Carlson and Iloelzel, 
’46) Ave included the use of omnivorous diets and a purely 
vegetarian diet in a study of the ctfect of intermittent fasting 
on the longevity of rats. In that study, 45 Wistar rats (19 
males and 26 females) A\'ere fed our basic omnivorous diet 
(diet 1) and 46 rats (21 males and 25 females) Avere fed the 
purely A^egetarian diet (diet 4). Besides this 46 rats Avere fed 
diet 1 Avitli 10% added cellulosic bulk-formers (diets 2 and 3) 
but the details concerning the effects of these and other t)ulkA' 
omnivorous diets A\dll be reported in a separate paper. Diets 
1 and 4 Avere described in the preceding paper and tlie com- 
jiosition is included again in table 1. Approxiniateh^ equal 
numbers of the rats fed diet 1 and 4 Avere fed these diets 
ad libitum or Avere fasted 1 day in 4, 1 day in 3 or 1 day in 2. 
Littermates of 7 males and 18 females fed diet 1 Avere in- 
cluded in corresponding groups fed diet 4 and littermate rats 
Avere also included in the different groups on the same diet. 
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In a second longevity study on Wistar rats, diet 1 vas again 
used as the basic omnivorous diet but, in place of diet 4, a 
vegetarian self-selection diet (diet 6, table 1) "was used. Each 
item in diet 6 vras presented in a separate container or in a 
separate compartment of a larger container. The peas and 
soy beans included in diet 6 vere first soaked 18 hours in 
■water. Most of the rats in this study were however fed diet 1 

TABLE 1 

Com posit inn of dietx. 


Diet 1 — 61.59c dried ‘Mvhole veal/’" 3% veal bone meal, 319c corn starch, 2% 
dried brewer's yeast, 1,5% inorganic salt mixture and 1% cod liver oil. 
Supplemented by lettuce ad libitum. 

Diet 4 — 509^ stone-ground whole wheat flour,* 109^ peanut flour, 7% wheat gluten 
flour, 7% lima bean flour, 7% linseed meal, 7% corn gluten meal, 5% 
alfalfa leaf meal, 59^? brewer's yeast, and 2% NaCl. Supplemented by 
lettuce ad libitum. 

Diet 6 — Self-selection from corn (whole kernels), wheat (whole grain), pearled 
barley, rolled oats, sunflower seeds, peanuts, green peas, soy beans, de- 
fatted com germ meal,* defatted wheat germ meal,* brewer's yeast, al- 
falfa leaf meal and NaCl. Supplemented by lettuce ad libitum. 

Diet 6C — Diet 6 supplemented by celery cabbage as well as by lettuce ad libitum. 

Diet 6CC — Diet 6 supplemented only by celery cabbage ad libitum. 


* Specially prepared for us by Swift and Co., Chicago, and previously described 
(Carlson and Hoelzel, '46). 

* Obtained from Elam Mills, Cliicago. 

* Obtained from TioBin Corp., Monticello, 111. 


Antb added cellulosic or other bulk-formers (diets 3, 5, 7, 8, 
9, 10 and 11) but, as already stated, their specific effects will 
be the subject of a separate report. Other differences between 
the second and the first longevity study were as follows: 
The first aim was to use rats likely to be more uniform genet- 
ically than the rats used in our first study. This objective was 
presumably attained by using IS litters obtained from 4 fe- 
males and 2 males (father and son) instead of 17 litter.s 
obtained from 16 females mated with 6 males as in the first 
longevity study. No first litters were used and, to promote 
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pi‘e-experimen(al nutrilioiial uiiifoniiily, Utters of more ilian 
8 rats "were reduced to 8, 7 or 6 rats. The 18 litters provided 
115 rats (57 males and 58 females), including rats born in 
each of the 4 seasons. To make it possible to determine the 
influence of the different diets at the earliest possible ages, 
successive litters from the same mothers were raised from the 
time when they first began to eat on the different experimental 
diets. The mothers however were left with their litters until 
the litters were 35 days old hut the mothers were fed supple- 
mentary food separately to Iceep them in as uniform a condi- 
tion as practical for further breeding. The sires were kept 
on diet 1. Five littei’s, including 17 males and IG female-s, 
were started on diet 1. Eleven litters were started on diet 1 
with 10% added bulk-formers (diets 3, 5, 9 and 10). Only 
2 litters, including 6 males and 7 females, were started on 
diet 6 before a deterioration of some of the rats on this diet 
suggested that the starting of more rats on this diet was not 
warranted. The original intention was to keep about half of 
the rats on the same diet throughout life and to transfer the 
other half to 1 of the other diets Avhen the rats became 72 days 
old or older. Thus 7 of the original 13 vegetarians were trans- 
ferred to omnivorous diets before they became 200 days old 
and, because of the deterioration of some of the remaining 
6, all of them were placed on omnivorous diets by the time they 
became 345 days old. Nevertheless 10 rats (5 males and 5 
females) started on omnivorous diets were placed on diet 
6 after they became 72 to 200 days old and were kept on this 
diet until they died. Seventy of the rats in this study were fed 
the diets ad libitum and 45 were fasted 1 day in 3 after 
the}' became 100 to 200 days old. 

In addition to observations on the growth of rats made during 
the 2 longevity studies, short-term grovdh studies were made 
on other Wistar rats and on Sprague-Dawley rats. In these 
studies, diet 1 and the Sherman and Campbell diet (containin" 
1 part whole milk powder and 2 parts whole wheat flour with 
1.33% added NaCl) plus lettuce ad libitum daily were used 
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as the omnivorous diets and diets 6, 6C and 6CC (table 1) 
■were used as tbe vegetarian diets. 

EESTILTS 

First longevity study 

Figure 1 (fii'st study) sbo-ws that the rats fed our basic 
omnivorous diet (diet 1) ad libitum attained weights about 
30% (females) to 35% (males) greater than tbe average 



Pig. 1 Composite growth curves of rats fed omnivorous diets (Dl and DB) 
and regetarian diets (1)4 and D6) in 2 longevitv studies. D1 = diet 1, DB = 
diet 1 with 10% added bulk-formers, D4 = diet 4 and D6 = diet 6, The crosses 
between the gro'wth cun^es of the rats in the first study indicate the average 
eights and ages of the parent rats when they were received from The Wistar 
Institute. 


weights of the parent rats when they were received from The 
Wistar Institute. On the other hand, the rats fed the vege- 
tarian diet (diet 4), altliough fed this diet exclusively onlv 
after they became 42 days old, weighed less than the parent 
rats at similar ages. The average maximum weights attained 
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TA IJLi: 2 

^fflxhnum tcciffhiSf femoral lc7}f;ihfi njul apes at Arath of rai.'i fed on O77infroro»9 
diet (diet 1) mid rats fed vepetarian difta (didft 4 and ad lihituvi or u'ith 


intermit tent fa.^tinp, durinp 

2 lonpfvity 







M SMMVXf 

rr\tmuK7. 

AUr .^T 

I>I>T 

nrniMi.N 

NO. or 

\\ Kioitr ' 

nr.voTJi ' 

r>h.\rn * 



a ^Ts 

tan 

mm 

Dnjj? 


MaJ(.s — ]'ivst inriffrettp study 



1 

Fotl ad libitum 

5 

Ani It 212 

39.0 A: K5 

633 ± 323 

4 

Fed ad libitum 

5 

354 i: 59 

38.4 ± 0.5 

595 ± 146 

t 

Fasted 1 day in 4 

r> 

493 :t 107 

39.0 2: 1 .2 

GGO ± 01 

4 

Fasted 3 day in 4 

5 

350 ± no 

38.4 ± 1.1 

685 ± 238 

1 

Fasted 1 day in H 

4 

370 ± OG 

38.4 :±: 1.2 

6 to ± 225 

4 

Fasted 3 day in 2 

n 

318 ± G2 

37.2 ± 3.7 

637 ± 214 

1 

3^asted 1 day in 2 

5 

348 ± 33 

37.0 ± 0,7 

6.01 ± 312 

4 

Fasted 3 day in 2 

n 

250 ± 57 

34.0 ±1.1 

607 ± 100 

4 

All regimens 

in 

453 ± 3 20 

38.4 ± 1.1 

650 ± 128 

4 

AH regimens 

21 

323 ± 50 

37.2 ± 1.1 

631 ± 187 



Littermate innles only 



1 

All regimens 

7 

363 ± 85 

37.7 ± n.s 

620 ± 127 

4 

All regimens 

7 

2G4 ± 27 

35.7 ± 3.2 

572 ± 170 

1 

Controls ' 

12 

474 ± 170 

38.5 ± 1.1 

600 ± 105 

1 

Fasted “ 

32 

394 ± 105 

38.0 ± 1.5 

680 ± 154 

4 

Controls * 

33 

348 ± G7 

38.0 :t 1.4 

628 ± 180 

4 

Fasted ‘ 

33 

29G ± GG 

30.5 ± 3.8 

674 ± 101 


Females- — First lonpcvity study 


1 

Fed ad libitum 

7 

45G ± 187 

34.7 ± 0,2 

650 ± 125 

4 

Fed ad libitum 

6 

236 ± 33 

33.0 ± 0.8 

010 ± 232 

1 

Fasted 3 day in 4 

7 

343 ± 38 

35.1 ± 0.8 

685 ±101 

4 

Fasted 1 day in 4 

7 

215 ± 50 

34.3 ± 0.8 

545 ± 230 

1 

Fasted 1 day in 3 

7 

351 ± 00 

34.9 ± 1.1 

«34 ± 138 

4 

Fasted 1 day in 3 

7 

230 ± 43 

34.7 ± 0.6 

762 ± 190 

1 

Fasted 1 day in 2 

5 

280 ± 5G 

34.5 ± 0,8 

754 ± 103 

4 

Fasted 1 day in 2 

5 

200 ± 21 

32.6 ± 0.7 

0t3 ± 214 

1 

All regimens 

2G 

359 ± 100 

34.8 ± 0.8 

733 ±112 

4 

All regimens 

25 

223 It 34 

33.9 ± 0.7 

650 ± 204 
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TABLE 2 


DIF.T 

REGIMEN 


NO. or 

R.\TS 

maxisittm 

WEIGHT ‘ 
jnn 

FE310R.\Ii 
LENGTH ' 
mm 

AGE AT 
DEATH ^ 
days 




Littermate females only 



1 

All regimens 


18 

333 di 58 

34.7 It 0.8 

723 It 154 

4 

All regimens 


18 

214 ± 33 

33.8 ti 1.0 

630 ±1 214 

1 

Controls * 


18 

427 ± 165 

34.S It 0.4 

702 It 126 

1 

Fasted * 


18 

335 It: 59 

35.0 ti 0.8 

753 It 131 

4 

Controls * 


16 

226 It 41 

34.2 ti 0.7 

619 It 248 

4 

Fasted * 


16 

230 ± 44 

33.9 It 1.3 

645 it 152 



Males — Second longevity study 


1 

Fed ad libitum 


4 

639 ± 169 

39.3 2i 0.6 

588 It 9 & 


Fed ad libitum 


1 

570 

37.8 

511 

1-6^ 

Fed ad libitum 


1 

524 

40.9 

564 

1 

Fasted 1 day in 

3 

4 

534 It 86 

38.2 It 1.1 

589 It 206 

6-1* 

Fasted 1 day in 

3 

0 




1-6^ 

Fasted 1 day in 

3 

1 

458 

38.3 

470 



Females — Second longevity 

study 


1 

Fed ad libitum 


3 

551 it 72 

33.2 It 0.5 

701 It 129 

6-1* 

Fed ad libitum 


1 

244 

32.1 

379 

1-6^ 

Fed ad libitum 


1 

362 

34.3 

585 

1 

Fasted 1 day in 

3 

3 

357 it 63 

34.1 It 1.5 

779 it 298 

6-1* 

Fasted 1 day in 

3 

0 




1-6" 

Fasted 1 day in 

3 

1 

330 

32.9 

83.5 


* Mean and standard deviation. 

* The controls include rats fed ad libitum and rats fasted 1 day in 4 or 3 but all 
fasted control rats fasted less than their fasted littermates. 

* Diet 6 fed early in life and diet 1 fed later in life. 

* Diet 1 fed early in life and diet 6 fed later in life. 


on the 2 diets and 4 regimens are presented in table 2. The 
greatest individual weights attained hv rats fed the diets ad 
libitum were: male on diet 1, 870 gm, male on diet 4, 450 gin, 
female (with mammaiy tumor) on diet 1, 855 gm, and female, 
(witli gastric and uterine tumors) on diet 4, 294 gm. Figure 2 
and table 2 show that the weights attained by the inter- 
mittently fasted rats were inversely proportional to the 
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amount of fasting. The sizes attained, as indicated by femoral 
length at death (table 2), wore more uniform than the weights. 
The ages attained (fig. 2 and table 2) were, on the average, 
greater in rats fed diet 1 than in rats fed diet 4 and greater 
in fasted rats than in rats fed ad libitum. Ivlammary tumors 
developed in 8 (31%) of the females on diet 1 hut only in 2 
(8%) of the females on diet 4. ^Moreover, the mammary 
tumors developing in females fed diet 1 were much larger 
than those in females fed diet 4 — the largest tumor in a fe- 
male fed diet 1 (462 gm) weighed much more than the heavie.st 
female (with tumors) fed diet 4 (2.94 gm). 

Second longcviii/ siudy 

Fig-ure 1 (second study) shows lliat the feeding of the dif- 
ferent experimental diets earlier in life than in the first study 
produced considerable divergences in the weights already 
at the age of 42 days. The omnivorous rats weighed more and 
the vegetarians less at 42 days than the rats in the correspond- 
ing groups. in the first study but the vegetarians as well as 
the omnivores in the second study attained gi-eater weights, 
by the time they became 200 days old, than the corresponding 
rats in the first study. In fact, the males fed the vegetarian 
self-selection diet (diet 6) ad libitum gained more weight 
between the ages of 72 days and 200 days than the rats 
in this study fed diet 1 or diet 1 plus bulk-formers ad libitum 
(fig. 1). However, the rats started on diet 6 that were fasted 
1 day in 3 did not seem to fare as well as rats fed diet 4 and 
fasted 1 daj’’ in 3 in the first longevity study. The rats fed 
diet 6 ad libitum also began to lag considerably in growth in 
comparison with the rats on the omnivorous diets, after thev 
became 200 days old. Early deaths among the intermittentlv 
fasted vegetarians seemed likely. Hence, all of the I'ats started 
on diet 6 were transferred to omnivorous diets. Eapid im- 
provement in the deteriorated rats followed. Rats that were 
started on the omnivorous diets and transferred to diet 6 
when they were between 72 and 200 days old tolerated fasting 
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1 day in 3 better. Table 2 includes data on rats in the second 
longevity study that were fed diet 1 throughout life and rats 
that -were fed diet 6 before or after diet 1. The data indicate 
that the rats fed diet 6 early in life or late in life did not grovr 
as •well or live as long as the rats fed diet 1 throughout life. 
The maximum -weights attained by indi-vidual rats in the 
second longevity study -were : male on diet 1, 890 gm, male on 
diet 6 (early in life), 570 gm, female (Avith mammary tumor) 
on diet 1, 574 gm, and female (-with ovarian tumor) on diet 6 



IMg. 2 Composite growth curves of 2 littermate trios of male rats fed the 
basic omnivorous diet (Bl) and 2 trios fed the vegetarian diet (D4) with 1 
of the littermates in each trio fed the diet ad libitum (control or C) 1 fasted 
1 day in 3 (i) arid the third fasted 1 day in 2 (4). The trios on Dl, however 
were not littermates of the trios on D4. The figures on the curves indicate the 
average ago attained by the 2 rats on each regimen. The decrease between the 
ages of 200 and 300 days in the average weight of the 2 rats on 1)4 and fasting 
1 day in 3 was duo to the early deterioration of 1 of these rats. 
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(late in life), 362 gm. Four of llie G females fed diet 1 (lirougli- 
ont life developed mammary tnmors ; none of the 3 females fed 
diet 6 early or late in life and diet 1 late or early in life 
developed such tumors, 

Short-icrm (jrowili studies 

Alternate litters raised from the same (Wistar or Sprague- 
Dawley) rats on either diet 1 or tlie Sherman and Campbell 
diet plus lettuce daily showed that the weights attained on 
the Sherman and Campl)oll diet were uniformly lower tiian 



Pig. 3 Composite growth curves of rats fed the basic omnivorous diet (Dl) 
with littcmiates fed the vegetarian self-selection diet supjjlementcd bv celery 
cabbage as well as by lettuce (DGC) and rats fed the Sherman .and Campbell diet 
(D Sherman) with litternmtes fed DOC. 


weights attained on our basic omnivorous diet. The relative 
gi’owth-promoting powers of these 2 omnivorous diets can 
be inferred from the growth curves in figure 3 as the effect on 
littermate rats was similar to the depicted effects on rats 
belonging to different litters. A comparison of the growtli 
curves in figure 3 with the groAvth curves of the rats repre- 
sented in fig-ure 1 also shows that the inclusion of celerv cab- 
bage in the vegetarian diet did not significantly improve 
growth in comparison with growth on omnivorous diets. 
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DISCUSSION 

The great Aveights attained by some of the rats on our basic 
omnivorous diet (diet 1) seem explainable by the nature of 
the diet. This diet was designed to supply meat from young 
animals (calves) as the chief source of protein and to include 
enough protein to meet the assumed requirements of inter- 
mittently fasted rats. The dried meat (“whole veal’’), as 
originally prepared for us by Swift and Comiiany, contained 
about 50% protein and 40% fat. A diet containing about 35% 
pi’otein seemed to be needed and the fat in the “Avhole veal” 
made the diet practically a paste diet including about 28% 
fat. In short, diet 1 became a diet rich in animal protein 
and fat like the groAvtli-promoting paste diet which is in- 
cluded in the Anderson and Smith (’32) diet. ^Moreover, 
although our aim Avas to use mainly natural foods, we used 
corn starch rather than Avhole Avheat flour as the source of 
carbohydrate in diet 1 to avoid introducing more A-egetable 
protein into this diet than necessary. As a consequence, diet 
1 became a concentrated diet containing a minimum of rough- 
age. Diet 1 undoubtedly also appealed considerably to. the 
appetite of the rats and groAvth was approximately as rapid 
as the groAvth observed by others on the Anderson and Smith 
diet ( Dunn, Murphy and Dockland, ’47). 

The vegetarian diet used in our first longevity study (diet 
4) Avas designed to make Avhole AA'heat flour the chief com- 
ponent. The other components seiwed mainly to increase the 
protein content of the diet. Diet 4 contained about 30% protein 
and 8% fat but because of the difference in fat content be- 
tAveen diet 4 and diet 1, diet 4 supplied more protein than diet 
1 on an isoealoric basis. Diet 4, incidentally, contained much 
more roughage than diet 1 and our bulky omniAmrous diets 
Avere designed to determine the effect of the bulkiness of vege- 
tarian diets on groA\-th and longevity. Figure 1 (second study) 
indicates that less than half of the loAver weight of A-ege- 
tarians is accounted for by the bulkiness or non-nutritive 
fraction of a vegetarian diet like diet 6. The relatively poor 
groAvth of rats on a vegetailan diet is therefore mainly due to 
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the unsatisfactory nature of llie nutritive components of the 
diet. 

The higher general vciglit levels attained by rats in the 
second life span study were evidently mainly duo to the use 
of only second and later litters and limiting the size of the 
litters. Seasonal dilTcrences in the growth rates of rats 
on diet 1 and diet 6 were found to explain the relatively more 
rapid groA\dh of the vegetarian males in the second longevity 
study between the ages of 72 days and 200 days. That is, 
the vegetarians fared best in summer while the rats on diet 1 
grew most rapidly in cooler seasons. Our rat quarters were 
not aii'-conditioned and the pei’iod when the vegetarians wore 
between 72 and 200 days old included the summer period. 

The great variations in the maximum weights of the rats 
fed diet 1 ad libitum (indicated by the standard deviations 
in table 2) are only partly explainable. In the first lojigevity 
study, the variations in maximum weights were largely due 
to variations in initial weights. The ages attained before 
growth ceased also varied more in the first study than in the 
second. The failure of the males in the second longevity 
study to attain more unifonn maximum weights suggested 
that a i-ich diet like diet 1 fed ad libitum may have some 
deteriorating effect on successive generations but a further 
study of this possibility will be necessary before definite 
conclusions can be drawn. The maximum weights of the fe- 
males on diet 1 varied mainly because of differences in the 
occurrence of and size attained by mammary tumors. It be- 
came evident in the second longevity study that the size 
attained by the mammary tumors depended partly on their 
location. Mammary tumors which intei*fered with eating, 
defecating or urinating were usually chewed off by the rats. 

The great variations in the life span of the rats, particularly 
of the vegetarians fed diet 4 (table 2) naturally raised the 
question whether the life spans of the rats fed diet 1 were 
significantly greater than the life spans of the rats fed diet 4. 
The data on littermate males alone and littermate females 
alone did not show a significant difference hut the combined 
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littermate male and female data showed that the omnivorous 
rats lived significantly longer (P <5%). However, the 
greater variations in the life spans of the vegetarian rats 
furnish a basis for the widely held impression that vegetar- 
ianism prolongs life. That is, although the vegetarian rats, 
on the average, died sooner than the omnivorous rats, 4 
vegetarians became over 1000 days old while only 1 omniv- 
orous rat became over 1000 days old. Moreover, the ageing 
vegetarians looked younger than the ageing omnivorous rats 
— the vegetarians did not develop skin lesions and alopecia 
like most of the old omnivorous rats. 

The effect of intermittent fasting on the life spans also in- 
dicated that the omnivorous diet was superior to the vegetar- 
ian diet. The combined data on 12 pairs of littermate 
males and 18 pairs of littermate females fed diet 1 
(table 2) showed that the fasted littermates lived signi- 
ficantly longer than their controls (average, 62.8 days 
longer — P<2%). In contrast to this, 13 pairs of littennate 
males together with 16 pairs of littermate females fed diet 4 
failed to show that the fasted littermates lived significantly 
longer (average, only 34.6 days longer — P>50%). In our 
preceding report (’46),' the view was expressed that fasting 
1 day in 3 was the optimum amount of fasting for rats. Fast- 
ing 1 day in 4 did not seem to be of significant value. Pasting 
1 day in 2 on the other hand seemed to be too much fasting. 
Figure 2, for example, shows that the gro-wth of both omniv- 
orous and vegetarian rats fasted 1 day in 2 tended to fie 
stunted after they became about 100 days old and an amount 
of fasting or food restriction which stunts growth must be 
regarded as U much fasting or too much food restriction 
even if tlie life span (or mere existence) is thus prolonged. 
Pasting 1 day in 3 did not significantly stunt growth (size as 
indicated by femoral length) although it limited weight and 
prolonged life. Twelve of our rats fed diet 1 ad libitum 
or that were fasted only 1 day in 4 had littermates fed the 
same diet and fasted 1 day in 3. The littermates fasted 1 
day in 3 lived significantly longer (average, 9.9 days longer 
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p <'2yc). Similar data on 30 pairs of litlormales fed died 4 
did not sliow that the liltermates fasted 3 day in 3 lived sig- 
nificantly longer. Actually the vegetarians fasted 3 day in 3 
lived, on the average, 305 days longer than their littennate 
controls and this suggests that fasting 1 day in 3 was also the 
optimum amount of fasting for the vegetarians hut the varia- 
tions in the life spans of the vegetarians ^vore so great that a 
much larger number of rats ivould liave been necessary to 
.show that even an average of 305 days longer life represented 
a significant increase in the life span (P>50%). 

The data secured during our second longevity study were 
too meager to be treated statistically but it can ho soon (table 
2) that the results were similar to those obtained during our 
first longevity study. The results can therefore be regarded 
as additional evidence that a purely vegetarian diet tends 
to shorten life and that fasting 1 day in 3 tends to prolong life. 
This will become clearer when the results of feeding diet 3 
with added bulk are reported. 

A possible criticism of our longevity studies is that the 
vegetarian diets were not supplemented by a suitable fresh 
leafy vegetable. Wu and Wu (’28) found that the kinds and 
proportions of grains and legumes hi vegetarian diets had 
no significant influence on the adequacy of such diets but that 
the type of fresh leafy vegetable supplement used was of con- 
siderable importance. Lettuce was found to be a poor leafv 
vegetable supplement to a vegetarian diet. 'Wu and his asso- 
ciates used colza or Chinese “small cabbage’’ in their exten- 
sive studies. Colza and Chinese “small cabbage’’ wei’c not 
obtainable in local markets. "We supplied the rats with various 
other greens besides lettuce from time to time but tbe rats 
preferred lettuce. Hence, we fed mainly lettuce as the sup- 
plement to all diets. However, after Adoli^h (’44) stressed 
the value of celery cabbage as a supplement to a diet of 
grains and legumes we tried this in short-term groAvth studies 
on Avista r and Sprag-ue-Dawley rats. The results have not 
convinced us that the celery cabbage obtainable in local mar- 
kets improves the growth of rats or Avould be likely to sigaiifi. 
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cantly influence the life span. The rats preferred lettuce to 
celery cabbage \chen both were provided and also did not eat 
much celery cabbage when no lettuce was provided. 

The observed results on the rats confirm the personal ex- 
periences of 1 of us (H) that a purely vegetarian diet (chiefly 
a fruit and nut diet) was unsatisfactory, that fasting was 
more easily borne and apparently of more benefit when an 
omnivorous diet was used and that fasting 1 day in 2 was too 
much fasting regardless of diet. 

SUAEMAET 

The growth of rats fed omnivorous and vegetarian diets 
was observed during 2 longevity studies and during additional 
short-term studies. 

Two of 9 male Wistar rats attained weights of 870 and 890 
gm, respectively, on an omnivorous diet including about 35% 
protein (chiefly meat protein) and 28% fat. 

Eats fed purely vegetarian diets were stunted in growth. 
Eats fed an omnivorous diet lived significantly longer than 
rats fed a vegetarian diet. Moreover, the life span was more 
uniformly prolonged by the intermittent fasting of rats fed 
an omnivorous diet than in rats fed a vegetarian diet. 
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P<2%). Similar data on 10 pairs ol‘ lifU'nnatos led diet 4 
did not show that the littonnatcs fasted 1 day i)i 3 lived sig- 
nificantly longer. Actnally the vegetarians fasted 1 day in 3 
lived, on the average, 105 days longer than their littennatc 
controls and this suggests that fasting 1 day in 3 Wiis also the 
optimum amount of fasting for the vegetarians hut the varia- 
tions in the life spans of the vegetarians were so great that a 
much larger numljer of rats would have been necessary to 
show that even an average of 105 days longer life represented 
a significant increase in the life span (P>50%). 

The data secured during our second longevity study were 
loo meager to ho treated statistically Imt it can he seen (table 
2) that the results were similar to those ol)tained during our 
first longevity study. The results can therefore he regarded 
as additional evidence that a purely vegetarian diet tends 
to shorten life and that fasting 1 day in 3 lends to prolong life. 
This will become clearer when the results of feeding diet 1 
with added bulk are reported. 

A possible criticism of our longevity studios is that the 
vegetarian diets were not supplemented by a suitable fresh 
leafy vegetable. ^Yu and Wu ( ’28) found that the kinds and 
proportions of grains and legumes rn vegetarian diets had 
no significant influence on the adequacy of such diets but that 
the type of fresh leafy vegetable supplement used was of con- 
siderable importance. Lettuce was found to })e a poor leafy 
vegetable supplement to a vegetarian diet. 'iVu and his asso- 
ciates used colza or Chinese “small cabbage” in their exten- 
sive studies. Colza and Chinese “small cabbage” were not 
obtainable in local markets. We supplied the rats with various 
other greens besides lettuce from lime to time but the rats 
preferred lettuce. Hence, we fed mainly lettuce as the sup- 
plement to all diets. However, after Adolph ( ’44) .stressed 
the value of celery cabbage as a supplement to a diet of 
grains and legumes we tried this in short-term growtli studies 
on Wistar and Spragne-Hawley rats. The results have not 
convinced us that tlie celery cabbage obtainable in local mar- 
kets improves the growth of rats or would be likely to sigaiifi. 
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The optimal composition of amino acid mixtures for thera- 
peutic uses is still under investigation. The logical wav to 
determine the pptimal composition appears to be to calculate 
statistically from the analysis of a so-called “normal” diet 
the quality and relative quantity of the amino acids present in 
the average daily protein intake (Block, ’43; Mitchell and 
Block, ’46). An amino acid mixture which duplicates the 
composition of such an average daily protein supply could 
a priori he regarded as satisfactory. Against such a con- 
clusion, however, serious objections must be raised. 

The dietary proteins are digested slowly, and therefore the 
absorption of amino acids takes place gradually, according 
to the rate of enzymatic liberation. On the other hand, after 
intravenous injection of amino acid mixtures, the organism is 
suddenly flooded with these compounds ; on feeding of amino 
acid mixtures differences in rates of intestinal absorption and 
the rate of renal clearance of amino acids have to be con- 
sidered (Chase and Lewis, ’34; Goettsch et al., ’44; Eaton and 

' The data of this paper were taken from a thesis submitted by the author to the 
Graduate School of the University of Southern California in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 

’ With the technical assistance of Leslie E. Geiger. 
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ihe missing building stones cciiain of the components of tlie 
incomplete diet would not now be available and, therefore, 
the animals would not show any growth. 

METHODS 

The amino acid mixture used in the experiments with 
tx\v]5tophane was prepared by hydrolysis of mackerel protein. 
This protein, as was shown by the author in collaboration with 
Deuel and others (’46), has a higher biological value than 
casein. The protein was hydrolyzed with sulfuric acid at 
15-pound pressure for S hours. After careful removal of the 
sulphuric acid by barium hydroxide, the solution was con- 
centrated under reduced pressure to a total solid content of 
15%. Since the tryptophane originally present in the protein 
was destroyed during the acid hydrolysis, the solution pre- 
pared by this procedure was an incomplete amino acid mix- 
ture. This solution was then spray dj’ied. Wlien fed to rats 
of 40-50 gm body weight, at a level of 3% N as the sole source 
of protein, it did not promote growth, which would pre- 
sumably indicate the absence of an essential amino acid. This 
incomplete mixture, when supplemented with 1% l ( — ) tiypto- 
phane, had a normal growth-promoting activity evidenced by 
an average daily growth of 4—5 gm. 

The composition of the various diets used in these experi- 
ments is given in table 1. 

For the experiments the pure bred Sprague-Dawley rats 
were placed in individual cages provided with wire mesh 
bottoms. The main difficulty encountered was with respect to 
determination of the daily food intake, due to the habit of 
some rats of spilling the feed. The following satisfactory 
arrangement was finally devised: Ointment jars of 40mm 
diameter and 40 mm height with a metal screw cap having 
a circular opening of 25 mm diameter, were employed as food 
containers. The food was placed in the jar and covered with 
a piece of wire screen (1 X 1cm mesh). The jar was then 
placed in a glass dish of 110 mm diameter and 60 mm height. 
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Dotty, ’41). It is possible, therefore, that even in cases where 
amino acid mixtures of optimal composition are fed, they may 
never be present in such relative optimal concentrations 
simultaneously in the tissues as rcquii'ed for protein synthesis. 

The fate of such amino acid mixtures, which by absolute or 
relative lack of certain constituents were either not at all or 
only partially utilized for protein synthesis, is, therefore, 
worthy of investigation. Three possibilities were considered: 
(1) that the amino acids can be stored in the body as such, 
representing thereby a pool from which protein synthesis can 
proceed as soon as the lacking building stones are supple- 
mented; (2) that tliey are stored in tlie form of osmotically 
less active peptides; and (3) that they are irreversibly furtlmr 
metabolized, and are therefore not available for protein 
synthesis. 

The first 2 possibilities were investigated in experiments 
described elsewhere (Geiger, ’47). In those experiments it 
was not possible to detect any transitory storage of incomplete 
amino acid mixtures in the form of either amino acids or 
peptides. It was decided, therefore, to investigate by an in- 
direct method whether administered amino acid mixtures. 
Avhich by lack of 1 or more essential factors cannot be utilized 
for protein synthesis, are stored in some other way, so that 
after supplemental administration of the lacking amino acid 
protein synthesis can proceed. More specifically, it was 
planned to feed to young rats a diet lacking 1 or more essen- 
tial amino acids during 12 hours, and then, in the next 12 
hours to provide the missing amino acids by feeding a mixture 
containing besides carbohydrates, fats, vitamins, and salts, 
as the source of N only the amino acids which were missed 
from the preceding feeding. 

It was assumed that if the incomplete mixture is stored in 
the bodj’-, protein synthesis and body growth will occur after 
the missing building stones have been provided. If, however 
before feeding the supplement, the incomplete amino acid mix- 
ture was already in some way metabolized (deamination 
gluconeogenesis, oxidation), then at the time of addition of 
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clnrijig the night and the otlier lind diet 3 available during 
the daytime and diet 2 during the night. 

The rats of group T, which received a complete diet (no. 1), 
.‘jorved as controls. In gi’oup II, the rats had the cliance to 
choose their food from the 2 jars; and on the basis of the 
experiments of Richter ('42— *4.3) concerning the behavior of 
rats in the self-selection of food, it was expected that the rats 
of this group would lake from both jars such quantities that 
the food consumed ?» fofo would .support optimal growth. The 
rats of group III received the tr}*ptophane-free amino acid 
mixture and the missing trj’ptopbane at a 12-hour interval. 



It Avas observed, however, that the rats did not consume the 
food immediately after it was put into the cages and there- 
fore, the interval between intestinal absorption of the incom- 
plete amino acid mixture and of the supplemented tiypto- 
phane varied considerably. 

Figures 1 and 2 are self-explanatory. It is evident that the 
rats receiving the complete diet grew satisfactorily. The rats 
in gi’oup n which had the opportunity of supplementing diet 
2 vith diet 3, having both diets simultaneously present in 
different jars in the cage, did not grow for the first 6~7 davs. 
In both experiments growth starts after this preliminaiy ad- 
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The whole S3'slcm was always woighetl together, so thal small 
amounts of feed spilled into the outer jar were not lost. 
Besides these precautions, rats which did not have the hnhit 
of spilling their food were selected for these experiments. 


T.Mua: 1 

Composition of dirts. 
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0.5 

1(4-) Lysine 



1.2 
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. . . 

1( — ) Cystine 
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0.5 

dl-Mcthionine 







•• 

4 

0.5 


'With the foJloiving corapositioji: corn st.Trch, 3050 giu (78.3%) ; rice hrnn con- 
ccntrate, 400 gm (10.20%); cottonseed oil, 200 gm (5.13%); USP salt mixture, 
200 gm (5.13%) ; fish oil (1 gm contains 2,000 I.U. vitamin A and 400 J.V. 
vitamin D) 50 gm (1.27%); riboflavin, 75 mg; Ca pantothenate, 150 mg; choUne 
chloride, 2.5 gm. 


EXPERIMENTS 

Experiments with tryptophane 

In the first group of experiments, trj^ptophane-free diets 
were fed, followed by a diet supplemented Avith the missing 
tryptophane. Rats of group I received the complete diet 
(no. 1) containing tryptophane and all other amino acids. The 
x-ats of group II had 2 jars in the cage, 1 containing diet 2 
(lacldng tiyptophane) and the other containing diet 3 (eoii' 
taining the basal mixture plus tryptophane but lacking the 
acid hydrolyzed fish protein). Group III received for 12 hours 
diet 2 and in the next 12 hours diet 3. In order to rule out the 
effect of daylight on food intake, since rats are noctuimal 
animals, 1 of the rats received diet 2 during the day and diet 3 
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(liis amino acid does not ))romote growth when fed several 
hours after ingestion of a tryptophane-deficient diet. These 
results are in excellent agreement with the observation of 
Elman (’39) who found that Avhen the injection of an amino 
acid solution which is deficient in tryptophane is followed 
after a 6-hour interval by the intravenous injection of trypto- 
phane, positive N-balanco cannot be achieved. Several authors 
have assumed that the utilization of parenterallr administered 
tryptophane is different from that administered per os (for 
litei'ature see Alcock, ’36) : therefore, the results obtained in 
our experiments with oral administi-ation seem to be a sig- 
nificant confirmation of Elman’s finding. 

Somewhat similar experiments were published in 1.929 by 
Berg and Bose. These authors showed that feeding large 
doses of tiyptophane at long intervals (24-hour) is less effec- 
tive than feeding smaller doses more frequently. Feeding 
half the daily allowance in the form of tablets at intenmls of 
12 hours induced better growth than when the total was ad- 
ministered at 1 time daily. The authors conclude that “ap- 
parently amino acids ingested in excess of anabolic needs are 
not retained.” 

Before drawing further conclusions from our results, we 
had to consider that according to the literature tiyptophane 
is very rapidly eliminated from the body. Buck and Berg (’45) 
found that after oral administration of 0.35 to 1.0 gm trypto- 
phane the tryptophane concentration in the blood increases 
rapidly, reaches its maximum after 2 hours and is again 
normal 5 hours after administration. The authors report also, 
that 1 hour after administration, only one-third of the fed 
tryptophane could be detected in the cai’cass. It was therefore 
assumed that tiyptophane is very quickly destroyed either by 
deamination or by kynurenic acid formation. 

Schweigert, Sauberlich, Elvebjem and Baumann (’46) also 
reported that after intraperitoneal administration of tiypto- 
phane, its eoncenti-ation in the blood increases rapidly but 
returns to normal again in 2 hours. 
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justment period. A liiglily probable e.xplanation for this 
observation is that after r)-G days the rats learn to cal food 
rotating from the 2 jars at sliorler intervals, so that an effec- 
tive supplementation may bo achieved. This possibility should 
be investigated in further experiments in which the time when 
the rats eat from the individual jars would be registered 
automatically. Finally, it is seen that there was no growth 
in gi’oup III in spite of the fact that the rats consumed con- 
siderable quantities of both diets 2 and 3. 

ScPY \YCKHT or FATS ON CKPCFlflCNTS yJiTH 

UtLpyCP SVPPl^Ct^ENTf^TtCH CP } . 



JI © Av^n-AKit MccMfirrc /fvryjtff ans 

TK'iPTefHAMt M TWff #T>«*ATC 
m o rrp /AicefiPicrr A//*Tt'^r r^yproP^Asc 

Ar /r /MTtK VALS. 

Pigiire 2 


These experiments are interesting with respect to the 
ability of rats to select foods properly. Values of the ratio 
we 2.3, 2.38, 1.78, and 2.5, which indicate that 
the rats selected an average of 1.0 gm of the trjqDtophane 
containing supplement for 2.21 gm of the tryi^tophane-de- 
ficient food. Figure 2 gives the results of a similar experi- 
ment of shorter duration. 

The results of these experiments with tryptophane show 
that a delayed supplementation of tryptophane is inetf ective ; 
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weight in spite of the lysine supplemental ion, and this weight 
loss was more rapid than that observed by us earlier on 
rats fed diets entirely devoid of protein. It was assumed, 
therefore, that during the nitrite treatment, toxic substances 
were produced and that the presence of such substances 
rather than the destruction of lysine was responsible for 
the weight loss. Tliis assumption was verified by experiments 
in which 10 gm of the treated casein were added to a regular 
diet containing 20 gm casein and 80 gm “basal diet.” From 
experiments 7, 8 and 9 (table 2) it is evident that the control 
animal (no. 9) fed 20% casein and 80% “basal diet” gained 
as was to be e.xpected, but the other animals (nos. 7 and 8) 
responded to the addition of nitrite-treated casein with loss 
of weight. The presence of toxic factors in casein treated 
according to Dunn and Lewis was assumed also by Hogan 
etal. (’41). 

Another way to investigate the effect of delayed supple- 
mentation of lysine is to use zein as the source of lysine-free 
protein (Osborne-Mendel, ’15; Rose and Rice, ’39), This 
protein has to be supplemented Avith both tiyptophane and 
lysine in order to secure growth in young rats and mainte- 
nance of weight in adult animals (Xeuberger and Webster, 
’45; Gillespie, Xeuberger and Webster, ’45). The growth- 
promoting power of zein can be improved by adding to the 
diet these amino acids but even so, a nonnal rate of growth 
cannot be obtained. The reason for such failure has not yet 
been determined (Harris et ah, ’43; Borehers et ah, ’42; Koni- 
berg, ’46). 

For the lysine-experiments (fig. 3), the rats of gproup I 
representing the control group, received diet 4 which con- 
tained both zein and the tiyptophane and lysine supplements. 
The rats of this group grew sub-optimally as observed by 
Harris et ah (’43), and by Borehers et ah (’42). 

Rats of group H had 3 jars in the cage simultaneously, 1 
with diet 5 containing zein; 1 Avith diet 6 containing trypto- 
phane, and the third Avith diet 7 containing lysine. It will he 
noticed that the rats of this group did not grow; in fact, they 
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In view of lliese data, it sooniod possible tliat the results 
obtained in the present experiments with tryptophane were 
the result of the rapid destruction of this amino acid and 
may not represent a generally valid answer to the question 
whether incomplete amino acid mixtures are stored in the 
body. Therefore, it was decided to investigate whether the 
results observed in the experiments with tryptophane can 
be reproduced with other essential amino acids. 

Experimoifs wUli hjshie 

A lysine-free protein was readily prei)ai-ed according to 
the procedure of Dunn and Lewis (’1.0). Casein was treated 
according to the method of these authors and fed as the sole 
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protein source to rats. The data in table 2 show that rats fed 
such a diet lose weight very fast (see experiments 1, 2 and 3). 
It was assumed that lack of lysine was responsible for the 
weight loss and, therefore, the next gi*oup of rats was fed 
the same diet with the addition of 1.5 gm lysine to each 
100 gm of the diet. These rats (experiments 4, 5 and 6) lost 
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Experiinoifs with mcihtoninc 
A metbioiiiiie-free casein was prepared according to Toen- 
nios (’42). Tlie formic acid iiydrogen-peroxide treatment 
used in this process destroys tryptophane as well as methi- 
onine. Therefore, it Avas necessary to supplement Muth trypto- 
phane in order to carry out the e.xperiment. 

Three groups of rats were used. Control gi’oup I received 
the com 2 )letcd diet 12, and group EE received simultaneously 

BcDi wr/fwr cr nf^rs cn cxpcrimcuts w^rn 
scLA'iCO surPLCMz/JTAriOfj or Afcrn/ofstt^JE 



,il O tittTVPS AmS 

in TWa fCPAMm^'z jaP-s 

JJJo Fit t»TAyim inct-fi.erc MetHiCHint aT /z 

IHTZA. 

Figure 4 

in 1 jar the methionine-free diet 10 and in the other jar diet 11 
containing the methionine supplement. Group IH received at 
12-hour intervals diet 10 and diet 11 in rotation. 

In this experiment, after the eighth day paired feeding for 
the rats of groups I and II was employed. It Avas determined 
lioAv much food was consumed of diets 10 and 11 each by the 
rats of group 11; corresponding quantities were then mixed 
and fed to the rats of group I next day. 

From figure 4 it is eAudent that the fully supplemented oxi- 
dized casein (diet 12) has a fair growth-promoting propertv 
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lost weight. The aniinalN did not show any .si^i of efficient 
self-selection of food (Scolt and Quint, ’46). Both preferred 
diet 7 containing lysine from which they ate relatively large 
quantities, but the anuninls of diets .6 and 6 con.sumed were 
too small to permit growth. 

The animals in group IIT were fed diet 8 containing zein 
and tryptophane for 12 hours, and diet 7 containing ly.sine 
for the next 12 hours. 



The rats of this group again conspicuously preferred diet 
7 containing lysine but did not show any growth. 

Finally, in group IV the animals were fed diet 9 containing 
zein and lysine for 12 hours, and diet 6 containing trypto- 
phane, for the next 12 hours. In this group, sufficient quan- 
tities of both diets were consumed during 24 hours to produce 
growth if the food were properly utilized, but due to the de- 
layed supplementation, the animals actually lost weight. 

These experiments prove that the simultaneous presence of 
all the amino acids is essential not only in the ease of trypto- 
phane, but also with respect to lysine. 
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authors explain the difl’erent biological values of raw and 
processed soy protein by the observation, “that during diges- 
tion iv vivo the methionine is released earlier from the heat 
processed soy meal than from the raw soy meal ... in the 
case of raw meal, absorption occurs so late in the intestinal 
transit that this amino acid, as well as the incompletely sup- 
plemented amino acids, are not efficiently utilized for the 
synthesis of body protein.” 

Another bit of evidence in support of the assumption that 
for optimal protein synthesis the simultaneous presence of 
all the building stones is necessary, was supplied by Cox and 
Mueller (’44). These authors have shovni that less essential 
amino acids are required for maintenance of N-balance, when 
the non-essential ones are also provided simultaneously. From 
their experiments it would seem highly probable that the non- 
essential amino acids, when not provided along with the essen- 
tial ones, have to be syirthesized in the body ad hoc. The 
synthesis of these building stones requires time during which 
some of the essential amino acids may be excreted or diverted 
from the protein synthesis by intermediary degradation or 
transformation. 


SUMMARY 

The fate of dietary amino acid mixtures which, because of 
absolute or relative lack of certain essential constituents, 
would either not be utilized or only partially utilized for 
protein formation was investigated. 

"With delayed supplementation of the lacking amino acid, it 
was shovm that the missing tryptophane, methionine or lysine, 
when fed several hours after feeding of the “incomplete” 
mixture, does not promote growth. This finding supports the 
view that the “incomplete” amino acid mixtures are not 
stored in the body but are irreversibly further metabolized. 
It shows also that for protein synthesis aU the essential com- 
ponents have to be present simultaneously. 
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as has already been found by Bennett and 'roennies (’42); 
the rats of group I were growing. However, the animals in 
groups II and HI showed no growth. 

One rat of group III, after losing weight for 30 days, .sud- 
denly started to regain its weight for no apparent reason. 

These experiments with methionine sni)i)lenienlation prove 
that not only tryptophane and lysine, but also methionine, 
have to be present simultaneously with the other amino acids 
in order to provide favoral)le conditions for in-otein synthesis 
and whatever special metabolic processe.^- these essential 
amino acids serve in the body. 

DISCUSSION AND CON(’DUSIONS 

The experiments witli delayed supplenieiital'on of lysine, 
methionine, and tryptophane are concordant in indicating that 
the essential amino acids have to be .simultaneously present 
for protein synthesis. These findings show also that incom- 
plete amino acid mixtures which by lack of an essential build- 
ing stone cannot be used for protein .synthesis, are not stored 
in the body but are further metabolized probably in an ir- 
reversible manner. These results should be considered when 
amino acid mixtures for therapeutic feeding are prepared or 
administered. The practical consetpiences of these findings 
will be further investigated. 

This observation, that supplementing incomplete amino acid 
mixtures with the missing amino acid after a certain time 
interval does not promote growth, seems to constitute an 
important argument against the theoiy of steij-by-step svn- 
thesis of protein molecules wfith intermediate formation of 
peptides. These results and those published by Borg and Rose 
(’29) and by Elman (’39), suggest that the formation of pro- 
tein molecules is a coordinated tissue function and can be 
accomplished only when all amino acids whicb take part in 
the formation are present at the same time. 

Two other papers may be cited in support of such a vieiv- 
point (Melnick et ah, ’46; Russell et al., ’46). The first named 
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ARTHL'I? D. HOLjrES AXD CARLETOX P. .TOXES 
^fassachuscUs JpricnUural I^xprnmcni Station, Amlicrst 

(I?eceived for publication Fcbmarr 18, 1947) 

In a i)i-evious study in wliicli Holmes, Spelnian, Smith and 
Kuzmeski (’17) compared the protein, mineral, and ascorbic 
acid content of mares’ milk ^\•ith that of the milk of other 
species, it was noted that the ascorbic value was relatively 
high. Since the mares’ milk contained 4 or 5 times as much 
ascorbic acid as Holmes, Jones, Wertz, Esselen and HcKey 
(’44) and Holmes Lindquist, Jones and Wertz (’45) obtained 
for milk from a herd of 5 common breeds of cows fed forage 
produced on the same or similar fields as that consumed by 
the mares, it was assumed that the difference was due to the 
2 species of a nim als under consideration. This obsei’vation 
raised a question regarding factors that may influence the 
reduced ascorbic acid content of mares’ milk, particularly 
since a sample of mares’ mUk that had been stored for several 
days, possessed approximately the same reduced ascorbic acid 
content as when it was freshly drawn from the mare, a condi- 
tion quite different from the reported rapid disappearance of 
reduced ascorbic acid from cows’ and human milk. Accord- 
ingly, a study was inaugurated to accmnulate data regarding 
the stability of reduced ascorbic acid in mares’ milk. 

EXPERIilEXTAL 

The miUc was produced by mature Percheron mares at the 
end of the lactation period. Although the samples were col- 

* Contribution Xo. 617 of the Massachusetts Agricultural Experiment Station. 
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The clear filtrate was divided into 10 ml aliquots, cooled in 
the refrigerator and titrated with the standardized dye solu- 
tion. The bentonite served both to produce a clear filtrate 
and to greatly decrease the length of time required for 
filtering, for the proteins precipitated from mares ’ milk differ 
in appearance and physical condition from those of cows’ 
milk. A series of duplicate tests gave the same results whether 
bentonite was used or omitted. 

EESULTS A>-I» DISCUSSIOX 

The results of the indhfidual assays of mares’ milk for 
reduced ascorbic acid are reported in table 1. The range in 
initial values from 86 mg to 161 mg of ascorbic acid per liter 
makes it possible to compare the rate of disappearance of 
reduced ascorbic acid from mares’ milk of widely different 
potencies. Samples IX, XI, and XIII observed for a 
10-day period, lost 2.6 mg, 2.3 mg, 2.5 mg, and 2.4 mg of 
reduced ascorbic acid per day, respectively; samples Vil, X, 
XU, and XV, observed for 20 days, lost 2.5 mg, 1.9 mg, 1.5 mg, 
and 1.2 mg, respectively; samples IH and V, observed for 
28 days, lost 1.2 mg and 1.4 mg daily; samples I, II, TV, Vill, 
and XH^, during 33 days, lost 0.7 mg, 1.1 mg, 2.7 mg, 0.5 mg, 
and 2.1 mg, respectively. The rate of loss of reduced ascorbic 
acid from sample W after 16 days’ storage was radicaUy 
different from that of the other samples. Omitting sample 
the average daily loss of ascorbic acid from mares’ milk 
stored for 10 days was 2,5 mg per liter, for 20 days Avas 1.8 mg, 
for 28 days was 1.3 mg and for 33 days was 1,1 mg. How- 
ever, this correlation between the daily loss and the initial 
potency may be merely coincidental. 

The 2.5 mg per liter daily decrease in reduced ascorbic 
acid during the first 10 days of storage agrees well Avith the 
2.2 mg-per-liter loss reported by Gunsalus and Hand (’41) 
for fresh raw cows’ milk. However, the decrease of 2.5 mg 
of ascorbic acid in mares’ milk represents about 1.9% daily 
loss whereas the 2.2 mg decrease in cows’ milk represents 
14.8% loss. In other words, the loss of ascorbic acid from 
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lecteci durhig' tlic late i’ail, i)asliires provided nearly all of 
the forag’o for the mares. However, since the season was nn- 
usually warm and sunny, the rainfall ample, and the pastures 
had been closely grazed, the gi'ass that the mares eonsiunecl 
Avas young and green. I’lie mares were in the pasture about 
14 hours at night, and during the day they were conrined in 
roomy box stalls where they received a supplementary ration 
of 4 quarts of cracked oats, a quart of Avhole corn and a small 
amount of early-cut, mixed hay. The milk samples, which 
were collected in the early morning, were protected from the 
light and taken directly to the laboi-atoiy, and the initial assay 
was started Avithin an hour after the sample was obtained from 
the mare. The milk Avas stored in commercial flint glass milk 
bottles in a non-illuminatod refrigerator at lO^C. AVlien the 
milk Avas initially placed in storage, the bottles were com- 
pletely filled and closed AAUth the usual paper milk bottle cap. 
As aliquots Avere A\ithdraAAm for assay, the volume of air in 
the bottles constantly increased until Avlien only the last 
aliquot remained the bottles AA’^ere almost filled Avilh air. This 
procedure seemed desirable since, in the average household, 
milk is frequently stored in the refrigerator in partially filled 
bottles. 

AVlien the study Avas beg-un, practically no information AA’as 
aA’ailable regarding the stability of the reduced ascorbic acid 
in mares’ mill<; therefore some of the samples Avere assaA'cd 
daily. Other samples AA^eve assayed at longer inteiwals AA-liich 
sei-ved 2 purposes, i.e., materially increasing the period t)f 
obserAmtion and increasing the duration of the contact of air 
with the milk. The amount of reduced ascorbic acid in the 
15 samples of mares’ milk AA^as determined by titration AA’ith 
sodium 2,6 dichlorobenzenonindophenol. A 25 ml sample of 
milk AAms measured into a 125 ml flask that contained a mixture 
of 5% phosphoric acid and 10% acetic acid. For clarification, 
0.5 gm of bentonite ^ Avas added. The flask Avas stoppered and 
Augorously shaken for 1 minute and the mixture Avas filtered. 

’U. S. Pli.iriimcopooi.a, 12tli revision, November 1, 1942, ADick Printing Co., 
Easton, Pa. 
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cows’ milk is over 7 times as rapid as from mares’ milk. In 
a study of 12 samples of commercial cows’ milk stored at 
1°C. for 6 days, Hand (’IS) found a daily loss of 2.1 mg per 
liter or a loss of over 11%. Kotliavalla and Gill (’43) ob- 
served a 24% loss from cows’ milk stored at room temperature 
for 11 hours and a 26% loss during 3 days’ storage at 5°C. 
Holmes and Jones (’45) found either only a trace or no de- 
tectable reduced ascorbic acid after a 30-minute exposure to 
sunshine. These observations are in accord with the data 
accumulated by several other investigators cited by Holmes 
and Jones (’45) which show that the reduced ascorbic acid 
content of cow’s milk decreases rather rapidly during the 
first few days after the milk is obtained from the cow. Few 
data are available regarding the stability of ascorbic acid in 
human milk. Stateva (’43) reported’ that from 41% to 93% 
was lost during 24 hours’ storage at room temperature. 

While numerous investigators have supplied data regarding 
the effect of such factors as air, temperature, light, and oxi- 
dation upon the rate of disappearance of reduced ascorbic 
acid from cows’ milk, a question naturally arises as to the 
primary factor which causes the destruction. Hand, Guthrie 
and Sharp (’38) reported that “lactoflavin is the sole agent 
in milk responsible for the sensitivity of ascorbic acid to 
light.” In a study of the pigments, vitamins, and enzymes of 
milk in relation to changes in flavor and nutritive value. Hand 
and Sharp (’41) found that “riboflavin, the fluorescent green 
coloring matter in whey, is responsible for the oxidation of 
vitamin C in light.” Thus one might assume that for a given 
set of conditions the more there is of naturally occurring 
riboflavin present in milk, the greater is the extent or the 
more rapid the disappearance of reduced ascorbic acid. This 
assumption is in a measure supported by the data under dis- 
cussion, i.e., reduced ascorbic acid disappears more rapidly 
from cows’ than from mares’ milk and cows’ milk contains 
more riboflavin than mares’ milk. In one instance, reduced 
ascorbic acid disappeared fi’om cows’ milk about 7 times as 
fast as from mares’ milk; and Hohnes, McHey, Wertz, Lind- 
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quist and Parkinson (^46) found cows’ milk coniaincd about 
10 times as much riboflavin as mares’ milk jiroduced on the 
same farm. Pasmussen (’46) stated that cows’ milk contains 
approximately 10 times as much riboflavin as mares’ milk, and 
Pasmussen, Bogart and Majmard (’88) observed that sunlight 
did not decrease the ascorbic acid content of mares’ milk to the 
extent that it did for cows’ milk. However, it is quite evident 
that the available data are too meager to permit any definite 
conclusions regarding any relationship between the amount 
of riboflavin present in milk and the rate of disappearance 
of ascorbic acid. 


SmiMAUY 

Fifteen samples of mares’ milk with initial potencies of 
from 86 mg to 161 mg of reduced ascorbic acid per liter were 
stored in the dark at 10° C. They were assayed at daily or 
longer intervals. Four samples observed for 10 days lost an 
average of 2.5 mg per liter daily; 4 samples stored 20 days 
lost 1.8 mg per day; 2 stored 28 days lost 1..3 mg daily; and 
3 observed for 33 daj’^s lost 1.1 mg per liter per day. These 
data show that the rate of loss of reduced ascorbic acid from 
mares’ milk is only a fraction of the rate of loss from cows’ 
milk. 
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BABBIT?^ 
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(Kcceived for publication February 26, 1047) 

Of the endemic diseases caused by a deficiency of the micro- 
nutrient elements, that due to a lack of cobalt is perhaps the 
most widespread. In this countiy alone, localities in hlich- 
igan. New Hampshire, and Wisconsin have recently been 
added to the already long list of cobalt deficient areas (Baltzer 
et ah, ’41; Keener et ah, ’44; Geyer et ah, ’45). A great deal 
of work has been done in attempting to clarify the role that 
this element plays in animal physiology — for recent reviews 
see Marston (’39), Schultze (’40), Underwood (’40), and 
Maynard (’41) — yet much remains to be learned. While the 
decreased and depraved appetite, progi-essive debility, ano- 
rexia, and general emaciation are characteristics of cobalt 
deficiency in sheep and cattle, none of these symptoms is 
specific. 

Attempts to produce a cobalt deficiency in the rabbit and 
guinea pig in the hope of finding specific symptoms or changes 
were unsuccessful. The work is reported briefly since it indi- 
cates that there is a species difference in the need for cobalt. 

EXPERIMENTAL 

The basal diet consisted of whole milk " and corn grain.^ 
The average of several determinations for the cobalt content 

^ Taken from a PluB. thesis by the senior author. Cornell University, 1944. 

'Present address: Department of Botany, University of Chicago, Chicago, 111. 

* Obtained from the Cornell University herd, milked into Pyrex jars. 

^ Grown in a low-cobalt area, obtained through the courtesy of Dr. G. K. 
Davis, Florida Agricultural Experiment Station, Gainesville, Florida. 
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diet, the animals were sacrificed and the livers taken for 
cohalt analysis. 


BESULTS AND DISCUSSION 

At 4 weeks of age the hemoglobin values were below nor- 
mal, ranging between 5 and 9.9 gm/100 ml of blood, because 
until this age the animals had received only milk. The hemo- 
globin values for the animals receiving the complete mineral 
supplement, as well as for those of the animals receiving 
the supplement lacking only cohalt, rose to normal in about 
2 weeks after starting the supplement, while the values for 
the 2 groups receiving a supplement of manganese alone rose 
more sloAvly. After 8 weeks, at which time the hemoglobin 
levels of the latter 2 groups were still subnormal, 1 of these 
was given a supplement of iron and the other of copper. 
This was done to detei’mine if possible Avhether the anemia 
found was due to the lack of copper or of iron. 

The hemoglobin levels rose slightly, the animals of the 
group receiving iron responding a little more quickly than 
those receiving copper; however, the difference in response 
was small and probably of no significance. At 14 weeks of age 
the iron and copper supplement was given to all groups ; from 
this point on, then, the 15 surviving animals can he considered 
as falling into 2 groups, 1 group of 5 receiving cobalt and the 
other of 10 receiving no cohalt. The groups were not divided 
equally because it Avas hoped that if cobalt deficiency symp- 
toms should develop, there would be an opportunity to sub- 
divide the larger group and supplement the diet of part of 
them Avith cobalt. The hemoglobin values from this point to 
the end of the experiment were 12.9 for the group receiving 
cobalt and 12.6 gm/100 ml for those not receiving cobalt. These 
values are not significantly different and are somewhat below 
the value of 14.0 gm/lOO ml characteristic of our colony on a 
stock diet. 

At 6 months of age, the 4 surriving females AA-ere bred. 
Three had ^’oung, none living for more than a few days. 
Later attempts to obtain viable young led to similar results. 
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of tlie milk was 0.0007 ng/ml, while the coni contained 0.0005 
ng/gm dry weight. In the proportions eaten hy the animals, 
this made a diet containing 0.0024 p.p.m. on a dry basis. 
These analyses and those on liver samples were made hy the 
method of Ellis and Thompson (’4.5). 

Preliminary experiments showed that good growth could 
he obtained with the rabbit fed this diet, but that with tlie 
guinea pig it is unsatisfactory. Sprouting the grain to a length 
of 6 to 8 inches made a noticeable but insufiicient improvement. 
In this preliminary^ work it became evident that the require- 
ment for cobalt by both of these species was not high. 

A second experiment was performed using rabbits. Twenty 
animals were distributed at raiidom into 4 groups. From birth 
to 4 weeks of age they were denied access to the dam ’s feed, 
but were allowed to suckle at intervals and were given fluid 
whole milk and whole milk powder. At 4 weeks of age they 
were placed in individual glass cages. In addition to the 
basal diet fed ad libitum, 1 group was given orally twice 
weekly a supplement of iron, copper, manganese, and cobalt at 
a rate to give, respectively, 2,000, 200, 2,000 and 4ng per 
animal per day. Another group was treated in similar fashion 
except that the cobalt was omitted. The remaining 2 groups 
were supplemented only with manganese, since it was expected 
on the basis of the iron and copper content of the diet that a 
mild nutritional anemia might be produced and that under 
these conditions a cobalt deficiency might be more easily 
demonstrated. 

The manganese was purified by the extraction of a solu- 
tion of manganous chloride with o-nitrosocresol in peti’oleum 
ether, while the iron was purified by extraction from strono- 
HCl with diethyl ether according to the method of Dodson 
et al. (’36). Baker’s c.p. cupric sulfate and cobaltous sulfate 
were used as the soui’ce of copper and cobalt. 

The animals were weighed weekly and their condition noted. 
Hemoglobin determinations were made periodically by the 
method of Sanford and Sheard ( ’30) . After 46 weeks on the 
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surviving until the end of the experiment, the average eoha 
content of the livers of the cohalt-supplemented rabbits wi 
0.140 ng/gm while the cobalt content of tlie other animals wj 
0.014 Mg/gm of dry tissue. The livei's of those animals whi( 
died during the course of the exiieriment contained 0.1^ 
ug/gm for the cobalt-supplemented group and 0.029 [jg cobal 
gm of dry tissue for the controls. 

At autopsy the animals were carefully examined and f< 
the most part appeared normal in the gross with the exceptic 
that the livers of nearly all of the animals of both groups we: 
cirrhotic. This finding as well as the mortality rate and tl 
failure of these animals to reproduce makes it clear that tl 
diet used is not complete for these species. It may be that 
deficiency of some other dietary Essential was partially r 
sponsible for the failure to produce a cobalt deficiency. 

Wunsch (’39), having reviewed the studies in New Zealan 
states that forage from 77 pastures where trouble occurri 
contained on an average 0.038 p.p.m. cobalt on a dry matti 
basis, and Underwood and Harvey ( ’38) reported a eompa 
able figure of 0.04 p.p.m. based on Australian studies. Tl 
present diet containing 0.0024 p.p.m. on a diy ba.sis then givi 
an extremely low cobalt intake compared to that required 1 
■ the sheep or cow and suggests that there is a species di 
ferenee in the requirement of various animals for coba^ 
Additional support for the idea that the rabbit requires le, 
cobalt than the sheep or cow lies in the fact that the dri( 
liver contained only 0.014 p.p.m. of cobalt as compared i 
the values of 0.06 p.p.m. and 0.02 p.p.m. in affected shee 
reported by Underwood and Harvey (’38) and Askew at 
Dixon (’37), respectively. 

Marston (’39) in a review article mentions a person 
communication from McDonald to the effect that rabbits sho 
no signs of cobalt deficiency when fed entirely on pasture fro: 
affected areas, and according to Marston the same is tn 
for the horse. "Working with the rat, Underwood and E 
vehjem ( ’38) found the requirement to be less than 0.6 pg, ar 
Houk et al. ( ’46), 0.03 pg per animal per day. 
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Altliough growth was fairly good (see table 1 ) the mortality 
rate during the experiment was high, there being 10 survivors 
at the end of the 46 weeks. Various attempts to reduce the 
mortality rate by supplemental feeding of sodium chloride, 
thiamine, and cellulose seemed to be of no help. Although 
growth was slightly more rapid and the mortality rate slightly 
lower in the cobalt-supplemented group, the dilTerence was 
not significant. 

TABLE 1 


Averaeje n'cxnlii and ninnher of survivors at 7nonihli/ intervals. 


MOXTirS 

OK 

KXI’KUIMKNT 

COHALT SUPrLEMJ:.VT 

KO cohalt 8i’i*i'u:>irNT 

\Vt. Km 

No. 

^Vl, Km 

No. 

0 

33G 

5 

:u:j 

15 

1 

C18 

5 

589 

14 

2 

893 

5 

712 

12 

3 

12G0 

5 

1053 

10 

4 

1495 

5 

1242 

8 

5 

15G0 

5 

1384 

8 

G 

1G49 

4 

MOO 

7 

7 

1719 

4 

uar, 

7 

8 

1835 

4 

17o.T 

7 

9 

186C 

4 

1728 

7 

10 

1944 

3 

1818 

t 

10.5 

1906 

3 

1708 

7 


A record of the feed consumption was kept for a period of 
8 months starting from the beginning of the experiment. Four 
of the animals fed the cobalt supplement and 7 of those 
not receiving cobalt survived this period. In the former group 
the average consumption of corn by each rabbit per dav was 
34 gm, while the corresponding figure for the latter group 
was 29.5 gm. The corresponding values for milk consumption 
were 140 gm and 129 gm per animal per day. Thus, the slightly 
better groivth response of the gToup receiving cobalt cor- 
responds with a slightly greater feed consumption, but here 
again the difference is not significant. During this period of 
8 months, the average daily intake of cobalt of the non-sup- 
plemented group was 0.1 ag as compared with 4 ag fed as a 
supplement to the other group. Considering only those animals 
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There is Ihns a growing body of evicleiico that cohall de- 
ficiency is limited to the ruminants and more ])articularly to 
sheep and cattle. Some years ago Filmer (’33) suggested that 
some organic factor is lacking in cobalt deficiency, on the 
basis of their work showing that liver is elTectivc in curing 
“Coast Disease,” the effectiveness not l)eing accounted for 
by the liver ash. 

More recently McCance and "Widdowson (’44) cite a per- 
sonal communication from C. J. Iffartin that sheep suff'ering 
fi'om “Coast Disease,” while cured by cobalt given by mouth, 
are not cured by cobalt when given by injection. They sug- 
gest further that the element probably acts upon sojne of the 
organisms in the rumen. We suggest, further, that the 
microorganisms affected are those concerned with the syn- 
thesis of B-vitamins. IMany of the symptoms of cobalt defi- 
ciency are comparable to those found in B-vitamin deficiency. 
Anorexia, for example, is a sjnnptom of both cobalt and thia- 
mine deficiency. HjTDOcbromic microcytic anemia and im- 
paired reproduction are common symptoms in both cobalt and 
pj'^ridoxine deficiency. 


SUMMARY 

Babbits fed Avliole milk and corn grain require less than 
0.1 Mg of cobalt per animal per day. This finding is discussed 
in the light of the hypothesis that the need for cobalt is pe- 
culiar to ruminant species and may be concerned primarilv 
with biological processes in the rumen. 
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THE BIPOETANX’E OF ElBOFLAVIX, 
PAXTOTHEXIC ACID, XIACIX AXD PYRIDOXTXE 
IX THE XFTPITIOX OF FOXES ' 

A. E. SCHAEFER. C. K. HTTITEHAIR AND C. A. ELVEII.IE:Nt 
Df pa) tm/ j)t of Jjiorhrraistrif (ip^ V ftfrinnry Spirncr^ 

Vnh'cr^itif of Tri5con9iH, Madison 

TWO FIGFP.ES 

‘Received for publication April 30, 1047; 

The initritioiial requirements of the fox have been under 
investigation in our laboratoiy in whieli purified casein- 
••'Uerose ration.*- supplemented vdtli synthetic vitamins have 
been used. The requirements for folic- acid and another un- 
identified factor or factors in fresh liver have been reported 
(Schaefer et al.. '47). Since fox pups recemng the purified 
ration supplemented with all the known s^mthetic vitamins 
grow as well as fox pups receiving a stock meat, cereal, and 
liver ration for a perioci of 14-16 weeks, it is possible to study 
the requirement for these vitamins if the deficiencies develop 
Aidthin 12 to 14 weeks after being placed on the deficient ration. 
Experiments were initiated, therefore, in which each of the 
following vitamins was omitted from the complete basal ra- 
tion: riboflavin, pantothenic acid, niacin or pyridoxine. 

EXPERniENTAE 

Weanling silver and red fox pups 6 to 7 weeks of age were 
used in these studies. The general experimental procedure 
has been described previously (Schaefer et al.. ’47). The 

* Published with the approval of the director of the Wicconsin A^icultural 
Experiment Station, Project 614, Fur Farm Research. 
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The Borden Awai’d for 3947, administered by 
the American Institute of Nutrition, was pre- 
sented to Dr. L. A. Maynard for many years of 
noteworthy services in the field of general nutri- 
tion and for many significant contributions to 
the laiowledge of the physiology of milk secre- 
tion, of factors alTeeting milk production and 
milk composition, and of the requirements of 
animals for dietary fats. The presentation was 
made at the ammal dinner of the American Insti- 
tute of Nutrition on [Monday, [May 19, in Chicago. 
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of groM’lh of all tlie pups showed a definite decrease. Pup 19 
was fed a single supplement of 2 ing riboflavin and normal 
growth resumed. However, 3 weeks later failure M'as ex- 
tremely sudden, and the animal died before another supple- 
ment could he given. After 3 to 4 weeks on the riboflavin 
deficient ration, pups 14 and 13 exhibited acute deficiency 

T.VBLE 1 


}^atxo7i = Basal — Pyridoxinc. 


i‘vr. Ko. 

DATS ox 
EXr’T. 

NVEIOHT 

HE^tOCfDOm^‘ 

hematoct.it 


24: 

k-p pm ^ p^r 

1 1.60 S.99 26.9 

31 1.S6 9.26 22.0 7.17 

49 2.22 6.S6 17.0 4.35 

49 Fed 3 mg pyridoxiue orally and started 0.2 mg pyridoxine 
per 100 gm ration 

63 2.62 10.90 34.0 9.0 

25 

1 

1.55 

7.35 

30.8 



31 

1.78 

8.21 

17.5 

5.67 


49 

2.09 

5.60 

12.5 

4.22 


52 

died 




2S 

1 

2.96 

14.16 

42.0 

10.11 


69 

3.11 

14.67 

43.8 

10.33 


101 

3.20 

10.89 

37.0 

10.22 


Started 0.20 mg pyridoxine per 100 

gm ration 
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3.33 

15.-4S 

54.2 

10.94 

Av. of 

49 

2.89 

11.80 

35 

8.70 

4 pups on 

70 

3.56 

12.49 

40.0 

9.24 

complete 

98 

4.07 

14.63 

42.4 

9.60 

basal 







SAunptoms characterized by muscular weakness followed hr 
clonic spasms and coma. Pup 13 was fed 1 dose of 5 mg ribo- 
flavin orally and pup 14 received 5 mg orally and 1.2.5 mg 
intravenously. 'U'ithin 2 hours the animals regained muscular 
control and consciousness. A normal gain in body weiarht 
followed. Three weeks later growth in both animals was "re- 
tarded, oi^acity of the lens and diminution of pigment pro- 
duction in the underfnr and guard hair was noted. Therapy 
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basal ration bad tlu* following coinjiosition: sucrose G6%, 
casein (Sniaco Vit. Test) cottonseed oil 8%, cod liver 

oil 3% and salts lY (Phillips and Hart, '.‘lo) 4/o. Each 100 gin 
of ration was supplemented with 0.2 mg thiamine chloride, 
0.2 mg pyridoxine hydrochloride, 0.4 mg riboflavin, l.b mg 
calcium pantothenate, 4 mg niacin, 100 mg elioline chloride, 



Fig. 1 Growth of ro\' pups deiiionstratijig the c/Tect of omitting 1 vitamin from 
the basal ration. Numbers (i.c., 5) equal mg of tlicrap;)* of the specific vitamin 
omitted. Fox 15 — complete basal. No. 13 — basal ration minus riboflavin. A, 
started 0.125 mg per 100 gm ration. No. 21 — basal ration minus pj-ridoxine. No. 
29 — basal ration minus pantothenic acid. B, 20 mg calcium ]inntot)icnate orally 
plus 5 mg intravenously in a solution of glucose and saline. No. IS — started on 
the basal ration minus niacin and folic acid. C, 30 mg niacin orally and started 
0.1 mg folic acid per 100 gm of ration. 


0.1 mg folic acid, 0.025 mg biotin, 25 mg i-inositol, 50 mg 
p-aminobenzoic acid, 2 mg alpba-tocopberol and 0.5 mg 2- 
metbyl-l,4-napbtboqumone. Growth curves of a typical fox 
pup from each series of experiments are given in iigure 1. 
Table 1 summarizes the blood findings. 


Riboflavin 

Bed fox pups nos. 13, 14 and silver pup 19 received the basal 
ration minus riboflavin. After 2 weeks on experiment the rate 
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P<i)ifn(lifiiic arifl 

Five pup.-'. -4 rod and 1 silver, were placed on the basal ration 
minus calcinni pantothenate. After 2 to 3 weeks on experi- 
ment growth of the pups ceased although food consumption 
remained normal. Failure was extremely sudden in pups 11 
and 12 and death resulted when the animals had been on ex- 
periment for 26 and 27 days, respectively. 'When pup 3(i had 
been on experiment for IS days and a definite loss in body 
weight was evident, the ration was supplemented with 0.25 mg 
calcium pantothenate per 100 gm ration. The gain in body 
weight was rapid for S weeks : however, failure was sudden 
and the animal died before additional therapy could he given. 

Pup 16 responded once to calcium pantothenate when in a 
mild state of deficiency. Later the more severe form was 
allowed to develop, which was characterized by a deep coma. 
Intravenous injection of a solution of calcium pantothenate, 
glucose and saline resulted in relief from the coma in 1 hour: 
however, the pup was found dead the following morning. 
Pup 29, as shoivn in figure 1, after responding 3 times to 
calcium pantothenate therapy Avas allowed to develop a severe 
deficiency Avhich was characterized by clonic spasms and this 
condition was followed by coma. A solution of calcium panto- 
thenate, glucose and saline was injected intravenously, and 30 
minutes after therapy the pup had recovered from the coma 
and was running about the cage. A significant increase in 
body weight followed. 

Xecropsies performed on aU pujDs immediately after death 
revealed fatty degeneration of the liver, catarrhal gastro- 
enteritis, and cloudy swelling and congestion of the kidneys. 
The deficiency symptoms, the dramatic response to panto- 
thenic acid, and the results of macroscopic pathological ex- 
amination of pups which died of the deficiency were similar 
to those observed in dogs (Schaefer et ah, ’42a). The prelim- 
inary results obtained with pup 30 indicates that the require- 
ment for pantothenic acid is greater than 0.25 mg per 100 mn 
ration. 
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consisting of 0.12.') ing and 0.2.'50 mg rihotlavin ]J0r 100 gm of 
ration for pups 13 and 14, rosi)ccliv('ly, was initiated when 
the first signs of mnscnlar weakness were noted. Both animals 
gained weight rapidly; however, after a jieriod of 0 weeks 
following the daily supplementation of the ration Avith ribo- 



rig. 2 Pelts of ^^lUl led to\ puiis 13 and 14 ^\hich dc\c*l(iped a nl»olIa\in dedci* 
cne> and then tccoised 0.125 mg and 0.250 mg riboda\in, respect n el v, per 100 gm 
of ration. Pelt on the nglit is tliat of a red fox pup reccmng the complete bas.al 
latiou supplemented with luoi. (Xote the white uuderfut on poUb 13 and 14). 


flavin, pup 14, Avhich received 0.25 mg, Aveighed 740 gm more 
than pup 13, 

The lack of proper pigmentation of the fur contijiued, and 
6 to 7 Aveeks after ribofla\’in therapy Avas initiated the underfur 
and guard hair Avere AA'bite. Pigmentation of the guard hair 
gradually returned and Avas approacluug normal, wliereas the 
underfur AA'as still AAdiite Avhen the pups AA’ere pelted (fig. 2). 
The symptoms, such as loss in Aveight, muscular Aveakness, 
coma and opacity of the lens Avere similar to thove observed 
in riboflavin deficient dogs (Potter et al., *421. 
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Pyridoxinc 

Silver pups 24 and 25 and red jiup 28 were placed on the 
basal ratibn minus pyridoxine. Five ml blood samples were 
collected fi'om tbe radial vein at selected intenmls. Hemo- 
globin determinations were done according to tbe method of 
Evelyn ( ’36) ; hematocrit readings were obtained with Win- 
trobe tubes. Blood analyses are given in table 1. Anorexia 
and arrest in growth occurred in pups 24 and 25 after being 
on experiment for 5 weeks. 2.5 mg pjridoxine were admin- 
istered orally and tbe animals gained weight for 3 weeks. At 
this time tbe animals again developed anorexia, appeared 
listless and were anemic. Hemoglobin values were 6.86 and 
5.6 gm % for pups 24 and 25, respectively, as compared to 11.8 
gm % for animals receiving tbe complete basal ration. Pup 
25 was in a comatose state when pyridoxine therapy was 
started and failed to recover. Tbe oral feeding of 3 mg py- 
ridoxine and supplementation of tbe ration thereafter with 
0.2 mg per 100 gm to pup 24 resulted in a rapid response- in 
growth and alleviation of the anemia. Tbe animal was killed 
accidentally before it could be determined whether complete 
'i-emission of the anemia would result from continued pyri- 
doxine therapy. 

Pup 28 was approximately 20 weeks of age when placed on 
experiment. The body weight curve showed a plateau and 
after 17 weeks on experiment the hemoglobin level dropped 
from 14.67 to 10.89 gm %. At this time the ration was supple- 
mented with 0.20 mg pyridoxine per 100 gm ration. Hemo- 
globin was increased to 15.48 gm % ; however, no significant 
increase in body weight was noted. 

niscussiox 

From these experiments it is evident that fox pups require 
riboflavin, pantothenic acid, niacin and pyridoxine. The de- 
ficiency symptoms observed when 1 of the above vitamins is 
omitted from the ration closely resemble those reported in 
similar studies vdth dogs (Potter et al., ’42; Schaefer et ah, 
’42a, b; McElibbin et ah, ’42). The rapidity with which the 
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Xidciii 

Silver pups iios. 37, 38 sdkI 23 received (lie biisiil ratiou 
minus uiaciu aud i'olie acid. AVilhiii 2 weeks anorexia was 
apparent and tlie pups failed to gain weight. The administra- 
tion of 5 to 30 mg niacin resulted in resumption of growth. 
During the first .7 weeks oji exjieriment jiup IS (fig. 3) devel- 
oped 3 deficiencies with subseipient responses to niacin. The 
ration was then supplemented witli 0.3 mg folic acid per 100 
gm ration aud 4 more deficiencies, with subsequent response 
to single dosages of varying levels of niacin, were obtained. 

After 3 deficiency and treatment periods, during the first 6 
weeks on experiment, the ration for pup 37 was supplemented 
with folic acid. One week later loss in body weight was evident 
and the oral administration of 26 mg niacin failed to alleviate 
the deficiency. The subsequent feeding of 70 gm fresh liver 
produced a rapid gain in body weight. 

Pup 23 during the first 4 weeks on experiment developed 2 
deficiencies with subsequent resiJonses to niacin. Tlie ration 
was then supplemented with folic acid. After 2 additional 
deficiencies and responses to niacin the animal lo.st weight 
rapidly. The oral administration of 86 mg niacin, 2 mg folic 
acid, 10 times the daily supplement of tlie remainder of the 
B-complex and tlie intramuscular injection of 20 mg nicotin- 
amide, failed to correct the deficiency and the animal died. 
The failure of the animals to respond to niacin after repeated 
deficiencies, and the rapid response to fresh liver is very simi- 
lar to the results obtained with dogs given the same treatment 
(Ruegamer et al., ’47). 

Typical blacktongue symptoms noted in dogs (Schaefer et 
al., ’42b) such as loss in weight, anorexia, inflammation of the 
gums, palatine redness, and diarrhea were noted in the foxes 
where a severe deficiency was allowed to develop. The require- 
ment for nicotinic acid as calculated by single dose feedings 
for growing pups varied greatly among assays with the same 
pup and among pups ( range of 0.39 to 2.0 mg per kg body wt. 
per day). 
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cleficiencioK develop, especially oi' riboflavin, ])anlotheiiie acid 
or niacin, is very striking and einpliasizos the iinporlance of 
insuring adequate quantities of these vitamins in rations for 
growing fox pups. 

Although our experiments were not designed to study the 
exact requirements of fox pu])s for tlie above vitamins, the 
following minimum and maximum levels may be suggested for 
future work; Riboflavin — greater than 0,125 mg and le.ss than 
0.4 mg per 100 gm of ration (0.2 mg for the dog). I’antothenic 
acid — greater than 0.25 mg and less than 1.5 mg per 100 gm 
of ration (0.20 mg for the dog). Niacin — 0.39 mg to 2.0 mg 
per kg of body weight per day (0.25 mg to 0,3(5 mg for the dog) 
as calculated from single dose feeding. Pyridoxine — less than 
0.20 mg per 100 gm of ration (0.12 mg for the dog). 

The changes occurring in the pigmentation of the fur of 
the foxes on the riboflavin experiment arc of extreme interest. 
This diminution of red color may have been due to riboflavin 
and in part or entirely to the lack of unknown factors supplied 
by liver, since a depigmentation of the underfur has been ob- 
sei’ved in silver fox pups receiving the complete basal ration 
(Schaefer et ah, ’47). The quality of the fur was not affected. 

SUJmARY 

The importance of riboflavin, pantothenic acid, niacin and 
pyridoxine in the rations for growing fox pups has been clearly 
established. The deficiency symptoms when 1 of the above 
vitamins is missing from the ration closely resemble those 
observed in dogs. The rate with which the deficiencies develop 
is as I'apid, and in numerous instances even more rapid, in fox 
pups than in dogs. 
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i 
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Several investigators Lave shown that young rats gi-ow to 
maturity at a rapid rate and bear litters when fed a synthetic 
ration containing vitamins A and D, alpha tocopherol, thia- 
mine, riboflavin, pyridoxine, pantothenic acid, niacin and 
choline. The diets in some cases (Richardson, Long and 
Hogan, ’42; Richardson and Hogan, ’46; Climeiiko and Mc- 
Chesney, ’42; Ershotf, ?46) contained 2-methyl-l,4-naphtho- 
quinone. In other cases (Jukes, ’40; Unna, ’40; Henderson 
et ah, ’42 ; Vinson and Cerecedo, ’44) this compound was not 
added to the diet but the ■^'itamin probably was supplied by 
some constituent such as corn oU or cottonseed oil, or by 
bacterial synthesis in the digestive tract of the mother. 

Synthesis of vitamin K in the intestinal tract of the rat has 
been demonstrated by several investigators. Greaves (’39) has 
reported a decrease in blood prothrombin and a prolonged 
bleeding time in rats with bile fistulas. Oral administration of 
large amounts of vitamin K concentrates or smaller amounts 
combined with bile salts restored clotting time to normal. 
Black et al. (’42), Day et al. (’43), and Kornberg et al. (’44) 
observed a high incidence of severe hypoprothrombinemia in 

'Authorized for publication as Technical Article no. 1039 of the Texas Agri- 
cultural Experiment Station. 
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a period of several years. Vilaniiiis A and D vei-e supplied by 
percomorpb oil.- Lard and vilainin Iv vere the only variable 
constituents of the experimental diets. The amounts of these 
constituents m the different diets- and the observations on the 
young of the females which received the diets are summarized 
in table 2. The females in group 1 received the basal diet, 
diet A, which contains both lard and \dtamin K. Those in 
group 2 received diet B which contains vitamin K but no lard. 
Those ill gi’oup 3 received diet C which contains lard but no 
vitamin K, and those in group 4 received diet D which con- 
tains neither lard nor vitamin K. 


table 2 

of ihc did of thr mother to hrain 
hcmorrhopcfi tn infant ratfi. 


cnorr 

N'O. 


DIET 

XO. 


vAniAnt.,K 

CON'STITUEXTS 


Lard Vitamin K * 


Born 


Yoexf; 


Hemorrhagic 

hrain« 


Wenord 


1 


rj 

mg! 100 gm 

Vo. 

Vo. 


Vo. 

rc 

A 

10 

2.5* 

167 

0 

0 

89 

53.2 

0 

B 


2,5 

142 

0 

0 

49 

34.5 

S 

C 

10 


63 

0 

0 

31 

49.2 

4 

B 

- 


157 

82 

52.2 

18 

11.4 


* -■^t?thvl'l,4-Xaphtlioqiiinone. 


Female rats were given either diet A or diet C at 28 days 
of age and continued on the same diet until they weighed 175 
to 200 gm. At this time they were either continued on the same 
diet or. transferred to another experimental diet and mated 
with a male from the stock colony. The females which were 
transferred to diet B had been reared on diet A and those 
which were transferred to diet D had been reared on diet C. 

Diet of mother and brain hemorrhages. ^Yhen the diet con- 
tained both lard and vitamin K (group 1) the offspring were 
normal and 89 out of 167 (53.2%) were weaned. Likewise the 
offspring were iioimal when the diet of the mother contained 
either vitamin K (group 2) or lard (group 3) separately, 

Mcfld, Jolinson and Companv. 
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rats receiving diets tliat contained sulfonamides to j)revont 
sufficient intestinal sjnithesis of vitamin K, IVlien Hie vita- 
min K was fed with sulfonamide the hypoprothromhinemia 
did not develop. Those data indicate that vitamin Iv acts in 
rats as it does in other animals to maintain a normal pro- 
thrombin level in the hlood. The Syrian hamster requires 
(Hamilton and Hogan, ’44) vitamin K for a normal rate of 
growth and presumably for normal reproduction. Hoore ct al. 
(’42) found a low prothrombin level in the blood of pregnant 
rabbits that had received diets deficient in vitamin K. These 
females aborted at the end of the first trimester of gestation. 

Some investigations have been carried out in this laboratory 
during the past year on the relation of the diet of the mother 
to abnormalities in the offspring. A high incidence of brain 
hemorrhage has occurred in the offspring of mothers which 
received a synthetic diet deficient in vitamin K and low in fat. 
Some of the observations on this abnormality are de.scribed in 
this report. 

EXPERIMEN’TAn 

The composition of the basal diet of the mothers is given 
in table 1. This diet contains all the recognized vitamins with 
the exception of vitamin C and ptoroylglutamic acid, and it 
has been reasonably satisfactory in reproduction studies over 


TAB HE 1 


Composition of hasaj did. 



ffin 

rnnrntMff per JOO 

Casein 

25 

Vitamin A 

Cerelose 

57 

Vitamin D 

Woodpulp 

3 

Alpha tocopherol ' 

Salt mixture ‘ 

5 

Meiiadiono * 

Lard 

10 

Thiamine ‘ 

Choline ' 

0.1 

Riboflavin ‘ 

Inositol ' 

0.01 

P>Tidoxinc ‘ 

p-Aminobenzoic 


Calcium pantotlienatc ‘ 

acid ^ 

0.05 

Niacin ‘ 



Biotin ‘ 


3000 I.IT. 
425 I.U. 
2.5 mg 
2.5 mg 

1.0 niff 
1.0 nip: 

1.0 mg 

4.0 nig 

5.0 mg 
0.02 im 


‘Supplied hy Merck and Co., Eahii'ay, N. J. 
^Richardson and Hogan (46). 
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total of 58 young ^vel•e born in the first litters. Severe hemor- 
rhages occurred in 20 (34.5%), and 14 young (24.1%) were 
weaned. Tlie same females produced 61 young in subsequent 
litters and brain hemorrhages occurred in 45 (73.7%) and 
none were weaned. Although brain hemorrhages constituted 
the most characteristic abnormality, hemori-hages occurred 
also in the body cavity in a few young. 

Whole blood coagulaiion lime. The coagulation time of 
blood of 12 mothers Avhich produced liemori’hagic young and 
of 6 young with visible hemorrhages in the brain was deter- 
mined by Duke’s capillary tube method. It ranged from 60 
to 120 seconds in both the mothers and the young and is 
considered noi’inal since it did not differ from tliat of rats 
in the stock colony. 

Since both lard and vitamin K in the diet of the mother 
protect the young from hemorrhages, it seemed desirable to 
test the vitamin K activity of lard with chicks. Day old Xew 
Hampshire Red chicks were used in these tests and the ex- 
perimental period was 2 weeks. The basal diet was similar 
to that described by Richardson, Hogan and Karrasch (’42). 
Pteroylglutamic acid was supphed by 10% of ether-extracted 
dried brewers’ yeast. The average coagulation times of blood 
of chicks Avhich received diets containing different amounts 
of lard with and without vitamin K for 2 weeks are sum- 
marized in table 4. TVIien the diet contained vitamin K (groups 


TABLE 4 

^veraffc con^ulation tinw of 'blood of c}ncl:s receiving diris that contain 
different amounts of lard with and without vitamin E. 


CROUP 

NO. 

lard 


COAGULATION TIME * 


Xo. of chick® 

Ifin, 



mg 1 100 grn 



1C 

10 

2.5 

5 

3..3 

2C 

0 

2.5 

5 

3.S 

3C 

0 

0 

4 

30 plus 

4C 

o 

0 

4 

30 plus 

oC 

10 

0 

4 

2*^ 

6C 

20 

0 

4 

24 


Experimental period — 2 wcekfl. 
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but a higher percentage of tlie young was weaned when the 
diet contained lard without vitamin K than was weaned when 
it contained vitamin K without lard. ^I’liere was a high inci- 
dence of brain hemorrhages in the otT.spriiig of females 
(group 4) which received neither lard nor vitamin K. Brain 
hemorrhages occurred in 82 out of lb? (b2.2%) of the young 
and only 18 (11.4%) were weaned. 

Incidence of brain hcniorrhaf/cs. The observations on the 
•young which are given in group 4 of table 2 bave been re- 
arranged in table 3 to show the incidence of brain hemorrhages 
in the first litters as compai’cd to that in .subsequent litters. 


T.\nnr; a 


liiridcncr nf hrain hctJtorrhnffC’r in first ns compared 
to suhsequent Utters, 


r.norr 

NO 

niUT 

NO. 

NO OF I.JTTrn 

FEMAW-R BFQUF-NCr. 

POUN 

1 OVNO 

3IEMOm:HAOlO 

1^UA^NS 

v*r\Nin 



* 


Xo. 

Ao. 

Cr 

A’o. 


4a 

D 

C 

1 

38 

17. 

44.7 

4 

30.5 

4b 

1) 

12 

1 

58 

20 

34.0 

34 

24.1 




2toG 


45 

73.7 


0 

4ac * 

C 

G 

2 to 4 

29 

0 

0 

17 

5S.G 


' Same females as described in 4a. After a female bad borne 1 litter, she ivas 
transferred to diet C ivhicb contained lard but no vitamin K. 


The 6 females in group 4a were each allowed to produce 1 litter 
on diet D. A total of 38 young were born in the first litters 
and 17 (44.7%) developed severe brain hemorrhages. Only 4 
(10.5%) were weaned. The females (group 4ac) we-re then 
transferred to diet C and allowed to bear additional litters 
until it was evident that no more young would be born. A 
total of 29 young were born in subsequent litters and none 
were hemorrhagic. Seventeen but of the 29 (58.6%) wore 
weaned. The addition of lard to the diet decreased the inci- 
dence of brain hemorrhages to zero and increased the per cent 
of young weaned. 

The 12 females in group 4b received diet D from the time 
they were mated until the observations were discontinued. A 
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total of 58 young wore born in the first litters. Severe hemor- 
rhages occurred in 20 (34.5%), and 14 young (24.1%) were 
Aveaned. Tlie same females produced 61 young in subsequent 
litters and brain hemorrhages occurred in 45 (73.7%) and 
none were weaned. Although brain hemorrhages constituted 
the most charactei’istic abnormality, hemorrhages occurred 
also in the body caA’ity in a feAv young. 

Whole blood coagulation time. The coagulation time of 
blood of 12 mothers which produced hemorrhagic young and 
of 6 young with visible hemorrhages in the brain was deter- 
mined by Duke’s capillaiy tube method. It ranged from 60 
to 120 seconds in both the mothers and the young and is 
considered normal since it did not ditfer from that of rats 
in the stock colony. 

Since both lard and vitamin K in the diet of the mother 
protect the young from hemorrhages, it seemed desirable to 
test the vitamin K activity of lard with chicks. Day old New 
Hampshire Eed chicks were used in these tests and the ex- 
perimental period was 2 weeks. The basal diet was similar 
to that desciibed by Kichardson, Hogan and Karraseh (’42). 
Pteroylglutamic acid was supplied by 10% of ether-extracted 
dried brewers’ yeast. The average coagulation times of blood 
of chicks which received diets containing different amounts 
of lard with and without vitamin K for 2 weeks are sum- 
marized in table 4. When the diet contained vitamin K (gi'oups 


TABLE 4 

Average congulaiion time of Wood of clx\cl:s receiving diets that contain 
different amounts of lard with and without vitamin K. 


GROUP 

xo. 


LARD 


VITAMIN' K 


COAGUIMTIOX TIJfE * 
Xo. of chick*: Min, 


1C 

10 

mff/lOO ffm 

2.5 

5 

3.3 

2C 

0 

2.5 

5 

3.S 

3C 

0 

0 

4 

30 plus 

4C 

5 

0 

4 

30 plus 

5C 

10 

0 

4 

22 

oc 

20 

0 

4 

24 

" Experimental period 

— 2 week*?. 
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IC and 2C) the whole blood coagulation time was normal 
regardless of whether or not the diet contained lard. When 
the diet did not contain vitamin K (groups 8C, 4C, 5C and 
CC) the whole blood coagulation time was prolonged regard- 
less of tbe amount of lard present. However, it was longer 
in the group> which received no lard (group oC) and only 
5% of lard (group 4C) than in groups oC and GC which re- 
ceived 10 and 207c of lard, resjK'ctively. Those tests show 
that lard, when fed to chicks, supplier a small but insignificant 
amount of vitamin K. This small amount might be suflicient 
when fed to rats at a level of lOCr to meet the requirement 
for reproduction under normal conditions. However, we do not 
believe that this e.vplanation is entirely adequate, in view of 
the fact that the whole blood coagulation time of hemorrhagic 
rats is normal. If the reports by Black et al. (’42), Day el al. 
(’43), and Kornberg et al. (’44) that a prolonged coagulation 
time and a hypoprothrombinemia aie typical of a vitamin Iv 
deficiency are correct, these data suggest that brain hemor- 
rhages are not due entirely to a deficiency of this vitamin. A 
possible explanation of this discrepancy would be that some 
substance is produced in the body under normal conditions 
which maintains normal capillary fragility. This substance 
is not synthesized wheji the diet is low in fat and deficient in 
vitamin K at the same tune. 

Affe at death. The age at which the infant rats died with 
brain hemorrhage is shown in table 5. Most of the yomig 
which died with Ijrain hemorrhages were either born dead or 
died within 24 hours after birth. The hemorrhages were 


T,U3LE 5 

Arje at death of rats with hrmnrrhagic hrains. 


Apr in dayti 

So of tats 

Birth 

oo 

1 

45 

2 to 5 

3 

8 to 11 

5 

lo to 18 

4 

20 to 21 

3 


Bn.VIX HEMORRHAGES IK IKFAKT RATS 


147 


visible in a few young- while they wore still living, but death 
always occurred within a few hours when the hemorrhages 
became visible in living young that were less than 5 days old. 
The larger rats usually became unstable 2 to 3 days before 
death and in a few cases a dark area was visible undei-neath 
the skull. Every rat which developed these symptoms was 
aiitopsied at death and brain hemorrhages had occurred in 
every ease. Hemorrhage occurred after the fifth day only in 
first litters. 

In a second test brain hemorrhages developed in only 10 
out of 72 young which were born to 8 females. The incidence 
of brain hemorrhages was about the same in the first as it was 
in the second litters. So far we are unable to account for 
the low incidence of hemorrhages in this series. 



Fig. 1 Kormal .and Iicmorrhagic brains. (A> Hay-old rats. (B) Twcntv-one- 
day-old rats. 
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Pliotoiiraplis of the liraiiis of a normal and of lioniorrhagic 
rats 1 day and 21 days old are sliown in fiirnro 1. Jifierophoto- 
graphs ” of sections of a normal and of a lumiorrljairic brain 
are shown in figmre 2. Large areas of blood in the tissues arc 
visible in the hemorrhagic brain. In the preparation of the 
slides for the mieropliotograplis the tissue was fixed and 



Fjg. 2 Sngittnl section ot brain through cciebrum of a noiinal and of n 
liemorrhagjc lat. A, loiv pooer; B, high poner. One division of stage mkrometer 
scale equal to 0.1 niin. 


decalcified in Bonin’s fixative and stained by Lillie’s modi- 
fication of Masson’s triebrome stain. 

Reports of brain hemorrhages by other workers. Brain 
hemorrhages in infant rats have been reported previonslv bv 
2 groups of workers. Moore et al. (’27) reported brain 
hemorrhages in a few of the young- born to females which 

’Wc are indebted to Dr. Sidney O. Blown, Associate Professor of Biologj, foi 
the preparation of sections and slides and for the microphotogiaphs. 
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had been reared and allowed to boar young on a synthetic 
diet that contained 2% of dried yeast as the only source of 
the water-soluble vitamins. The diet contained 3% of hydro- 
genated cottonseed oil ^ as a source of fal. The hemorrhages 
were thought to be due to a low level of vitamin B because 
they did not occur when the yeast was increased to 7%. Jervis 
( ’42) reported the occurrence of brain hemorrhages in infant 
rats from mothers who were fed a s>mthetie diet deficient in 
choline. Three females received the experimental diet which 
contained 10% hydrogenated cottonseed oil and each female 
received a daily supplement of 100 pg each of thiamine, pyri- 
doxine, riboflavin and calcium pantothenate and 6 mg of 
niacin. The 2 conti'ol females received essentially the same 
diet with 100 mg of choline added to each 100 gm of the diet. 
The young from the mothers on the chofine deficient diet 
ceased to grow at the tenth to twelfth day and 50% of them 
died with severe nervous symptoms. Extensive hemorrhagic 
lesions of the cerebellum were the most characteristic ab- 
normality found on histological examination of the nervous 
system of 5 young which exhibited the very severe nervous 
symptoms. Vitamin K was not included in the diet of the 
females described in either of these reports and b:th investi- 
gations used hydi’ogenated cottonseed oil as the source of 
fat. TTe are investigating the effect of this particular fat on 
the production of brain hemorrhages at the present time, but 
it seems very probable that the hemorrhages described in the 
previous reports, as well as those described here, are due to 
the same deficiency. 

suxnrAKY 

Female rats were reared to maturity on a synthetic diet 
that was deficient in vitamin K. If lard was removed from 
their diet and the females allowed to bear litters, a high in- 
cidence of brain hemorrhages occurred in the offspring. The 
lieniorrhages did not occur when the diet contained either 
lard or vitamin K. 


* Crisco. 



150 


K. K. BItOWX AXI) OTJIEItS 


Tlio hioicleiice of liemoniiag'e in first litters was 31.5 to 
41.17% and in .subsequent litters, 73.7%. 

Jilost of the young that died with brain hemorrhages were 
either born dead or died within 24 hours after birth. A few 
young in the first litters developed hemorrhages between the 
eleventh and twenty-first days. 

The whole blood coagulation time of females which pro- 
duced hemorrhagic young and of yonng with visible hemor- 
rhages was normal. This shows that the prothrombin level 
Avas not abnormally low and it is suggested that some sub- 
stance AA’hieh acts normally to maintain capillary strength 
is not sjTithesized by the body Avhen the diet is Ioav in fat and 
deficient in Autamin K. An assay Avitb chicks shoAvs that lard 
may contain a small but insignificant amount of A'itaniin Tv. 

niTERATTOE CITED 

Black, S., E. S. 0^■ER.MA^*, C. A. Elvehjem and IC. P. Dink 1942 Tlio effect 
of sulfaguanulino on rat growth and plasma prothrombin, d". Biol. 
Chem., 145: 137. 

CUMENKO, B. R., AND E. VT. McCiiESNEV 1942 Rolc of inositol and p-nmino- 
benzoic acid in normal lactation. Proc. Soc, Exp. Biol, ^fed,, 51: 157. 
B.vy, H. G., K. G, Wakim, M. Kiuder and E. E. O’Banion 1943 Effects 
of ceccctomy, siiccinylsulfnthiazolo and p-aminobonzoic acid on vita- 
min Iv synthesis in the intestinal tract of rats. Nntrifion, SG: 5S5. 
Ensnorr, B. H, 1946 Effects of massive doses of p-nminobcnzoic acid and 
inositol on reproduction in the rat. Proc. Soc. Exp. Biol, l^fed., CS: 479. 
Greaves, J. B. 1939 The nature of the factor which is concerned in the loss 
of blood coagulability of bilo fistula and jaundiced rats. Am. .T. 
Physiol., 1S5: 423. 

Hamilton, J. W., and A, G. Hooan 1944 Nutritional requirements of tlie 
Syrian hamster. J, Nutrition, 27: 213. 

Henderson, L. M., J. M. McIntire, H. A. Waisman and C, A. Elvrhjem 1942 
Pantothenic acid in the nutrition of the rat. J. Nutrition 23: 47. 
Jervis, G. A. 1942 Occurrence of brain hemorrhages in choline deficient rats. 
Proc. Soc. Exp. Biol. Jfed., 51 : 193. 

Jukes, T. H. 1940 Beproduction in rats on synthetic B-compIex supplement. 
Proc. Soc. Exp. Biol. Med., 45: 625. 

Kornberg, a., F. S. Baft and W. H. Sebreli. 1944 Production of vitamin K 
deficiency in rats by various sulfonamides. U. S. Pub, Health Repts 
59: 832. ' ‘ 

Moore, C. U., J. L. Brodie and E. B. Hope 1927 Some effects upon the young 
of inadequate maternal diets. I. Polyneuritis and liemorrhagcs Am 
J. Physiol., 8S: 350. 



BnAlN" HEMOniiHAGES IX IXFAXX EATS 151 

Moore, E. A., I. Bittixger, M. L. Miller and E. M. Hellman 1942 Abortion 
in rabbits fed a vitamin K-deficicnt diet. Am. J. Obstct. G^mccol., 
4S: 1007. 

ItiCiiAKDsoK, L. It., AND A. G. Hogax 1946 Diet of mother and hydrocephalus 
in infant rats, J. Nutrition, 32: 459. 

Kichardson', L. It., A. G. IIogax axd R. J. K,vRR.\scn 1942 A liver concentrate 
as a source of unrecognized vitamins required by tlic chick. J. Nutri- 
tion, 24: 65. 

IticiiARDSOS', L. It., Bakbar.\. Loxg axd a. G. Hogan 1942 Tlie vitamins re- 
. quired for gronih and reproduction in tlie rat. Abst. of Papers, 
103rd meeting, Am. Clicm. Soe., Memphis. 

UxxA, K. 1940 Effect of pantothenic acid on grovrth and reproduction of rats 
on synthetic diets. Am: J. Med. Sci., 200: 84S. 

Vinson, L. J., .vnd L, R. Cerecedo 1944 Growth, reproduction and lactation in 
rats maintained throngh 4 generations on highly purified diets. Arch. 
Biochem., S: 3S9. 




AVAILABILITY OF CAROTENE FROM CARROTS 
AND FURTHER OBSERVATIONS ON HUMAN 

require:\ients for vitamin a and 

CAROTENE ^ 

ELIZABETH CROFTS CALLISOK AND ELSA OREXT-KEILES 
liunau of Iliniiaji Xutnfio7i and Some Economic^^ AgricuUuraJ JRcscatch 
Administration, V. S. Department of Agricidture, 

Washington^ V. C, 


(Received for publicntion April 17, 1047) 

Carrots occupy a unique place among the vegetables as 
a potential contributor to the vitamin A value of tlie human 
diet in the United States not only because they have by far 
the highest carotene content of any food commonly eaten 
by man (U. S. Bureau of Human Nutrition and Home Eco- 
nomics, ’45), but also because they are consumed in large 
quantities (U. S. Bureau of Human Nutrition and Home 
Economics and National Research Council, ’44). Hoivever, 
there is evidence that the ability of the human body to 
absorb and utilize the large amounts of carotene present in 
carrots is veiy limited (Eekelen and Pannevis, ’38; Kreula 
and Virtanen, ’39 ; Lister Institute and ^Medical Research 
Council, Vitamin A Sub-committee of the Accessory Food 
Factors Committee, ’45). 

Employing- the dark adaptation reaction as a criterion of 
the vitamin A status of the individual, Booher and Callison 
(’39) and Booher, Callison and Heivston (’39) in this labora- 
tory have established a procedure for measuring the degree 
of utilization of vitamin A by man and have determined the 

' Thh research was supported by an allotment made by the Secretary of 
Agricultuie from Special Research Funds (Bankhead-Jones Act of June 20, 1035). 
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(ion of plilooni to cortex ^vas present in tlie piece ns in the 
Avliole slice. Tlie remainder of tlie slice was preserved for 
chemical analysis by storinp; al — 40° C. The bioassays were 
conducted essentially according to the procedure outlined in 
the U. S. Pharmacopoeia (Twelfth od.), lOS animals being 
used. Crystalline P-carotene" in cottonseed oil was emidoycd 
as the standard, since it has been found that the P.S.P. ref- 
erence cod liver oil no. 2 is unsuitalde for use as a standard 
of reference (Callison and Orent-Keiles,’ 45). 

Chrmical auohjsis 

The pooled aliquots of carrots, 1 cooked and 1 uncooked for 
each subject, were extracted according to the metbod of 
^Ifoore and Ely (’41). The extracts were chromatogra])lied on 
a 1; 2 mixture of magnesium oxide and Ilyflo Snpercel. The 
o- and 3-carotene fractions were eluted separately with puri- 
fied petroleum other, fraction F, and absorption of each frac- 
tion was determined at 450 mn, using a Coleman spectro- 
photometer, iilodel 10-S. The amount of a- or 3-<*arotone ])res- 
ent in its respective fraction was calculated from a standard 
3-carotene curve obtained on the same instrument. The stand- 
ard 3-cnrotene curve was used in estimating both a- and 
3-carotene, since Zscheile, "Wliite, Beadle aiid Poach (’42) 
have shown that the ahsorptiou coefficients at 450 mq are 
practically identical for these 2 isomers. The bands at the 
top of the magnesia column, which amounted to only 
of the total carotenoids, were not investigated further. 

BESULTS AND DISCUSSION 

The time required for the first depletion of these subjects 
ranged from 2 to 6 months, reflecting the great individual 
variation in vitamin A reserves that had been observed in 
previous experiments in this laboratory. The second deple- 

= S.M.A. )9-carotene. 

E. S. Good reagent, tested in this laboratory for ability to give good separa- 
tion and recoyery of a- and /3-carotene. 
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tion period was much shorter and more uniform. In every 
case the scotopic visual threshold began to rise as soon as the 
carrot supplement was discontinued and within 13 to 16 
days had reached a level 0.5 to 0.7 log units above the subject’s 
normal average threshold. At this time feeding of the second 
carrot supplement was begun. Both periods of depletion were 
in progress during the spring and summer months, so that 
the seasonal elevation of visual threshold associated -with 
winter, which has been reported by English investigators 
(Lister Institute and Medical Eeseai’ch Council, Vitamin A 
Sub-committee of the Accessory Pood Factors Committee, 
’45) was not encountered. 


TABLE 2 

rt7a77im A potency of carotene-containing supplements as measured hy chemical 

and hioassay methods. 



\1TAMIX A VALUE 

measuhed nr 

DirFEKEXCE 

BET^’EEX 


Chemical 

Analysis 

BiOT«<;ay 

phedicted axd 

BIOASS-AY VALET 5 

1 

Crvstalliue carotene 

/. V.fgm 

J.TJ./gm 

rc 

in cottonseed oil ^ 

1.44 X 10" 

1.67 X 10' 

-h 15.9 

Carrots, frozen, cooked * 

146 

50.5 

— 65.4 

Peas, frozen, cooked * 

6.2 

7.0 

-h 12.9 

Spinach, frozen, cooked* 

85 

97.5 

-f 14.7 


* U.S.P. reference cod liver oil no. 1 used as standard in bioassar. 
' S.M.A. )9-carotcne used as standard in bioassav. 


Cooking, over and above the amount required for blanching 
the carrots preparatory to freezing, caused no differences in 
either the carotene content of the vegetable or the ability of 
the human to utilize the carotene. The same amount of car- 
rots whether cooked or uncooked was required by each sub- 
ject for restoration of normal vision. 

There was a marked discrepancy between the mtamin A 
value of the carrots calculated from the chemical analysis, us- 
ing 0.6 pg p-carotene and 1.2 pg a-carotene, respectively, as 
equivalent to 1 1.U. of vitamin A, and that same value meas- 
ured directly by the rat-growth bioassay procedure (table 2). 
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Chemical analyses of Ihe samples ■were in close agreement 
and gave an average of 77.S ng 3-carolenc and 19.4 (ig a-c.nro- 
lene or a calculated total of 14G I.U. vitamin A value per gin 
of carrots. The vitamin A activity of duplicate samples 
of carrots determined by rat-growth hioassay was 50.5 I.U. 
per gm, equivalent to only one-third of the provitamin A 
shown to be present in the vegetable by chemical analysis. 

It is obvious (table 3) that there can be a three-fold dif- 
ference in the statement of the vitamin A requirement of 
those human subjects, depending upon which value, chemical 
or biological, is used in calculating the potency of the carrots 
from which practically the entire vitamin A intake of the 


TABLE a 

Spcctrophoiovtciric vs. hioloflical mrf/iof/ of assap of carrots in cstivtaiinp ihe 
vitamin A requirement of human adults. 


VITAMIN A 



s r n j 

r c T 


KEQUIKEMrXT ‘ ^ 

BAStP on: ^ ^ 

VIT A IN 

I V, rrn 

B 

VIT A IN I V, urn 

9 

^^T. A IN I V. TER 

Spcctrophotometric 


daj/ 

kff/dni; 

dau XQ/dav 

ilnv i.ff/ii'V 

analysis 

G6i5 115 

sno 

101 

51 S5 00 

4450 S5 

Bioassay 

2345 40 

28C0 

36 

1770 31 

l.'iOO .'iO 


^ Figures are inclusive of small amount of vitamin A present in basal diet. 


subjects was derived. Table 4 compares the results from this 
investigation with findings obtained previously in this labora- 
tory (Booher and Callison, ’39; Booher, Callison and Hews- 
ton, ’39). In these earlier studies a similar method of ex- 
perimentation was used, the dietary sources of vitamin A 
being U.S.P. reference cod liver oil no. 1, crystalline carotene 
in oil, cooked spinach or cooked peas. In these studies also 
(table 2) chromatographic as well as biological assays were 
made of the provitamin A active constituents of all the 
carotene-containing supplements, U.S.P. reference cod liver 
oil no. 1 with a rated potency of 3000 I.U. per gm being used 
as the standard of reference. 

It has been demonstrated by Callison and Orent-Keiles 
(’45) and by Porter, Nash, Zscheile and Quackenbush (’46) 



Siimmari/ of apparent vitamin A rcquiromcnis of humans as affected by method of men. 

value from different sources. 

ArrAUKNT HUMAN ItKQUIUKMKNTS KOU VITAMIN A DEIUVICP KltOM 
(All vrtluofl oxproflsod in intornntionnl unitn per l<jr Ijoily wol^lU) 
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AvuraRO *10.0 08.2 78.8 07,8 34.2 07.8 34.2 40.5 52.0 77.3 88.3 

‘ IJ.S.r. rofcronco cod liver oil no. 1 used na Htandnrd in nasay, 

^-enrotono naod ns standard in assay. 
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that U.S.P. referencL’ oils iios. 2 and 3, respectively, arc un- 
stable and nndependal)lo as standards in.vilaniin A assays. 
Although there are less actual direct experimental data to 
he cited in proof, the stability of U.^.P. reference cod liver oil 
no. 1 has also been questioned by iMorton (’42) and most 
recently by the United States Bureau of Dairy Industry’s 
Technical Committee in charge of the nation-wide survey 
(’47) to determine the value of butter as a source of vitamin 
A in the diet of the people of the United States. 'WiscmaiU 
analyzed immediately upon delivery, a sample of U.S.P. 
reference cod liver oil no. 1 which had been in transit less than 
24 hours and was packed in dry ice during that time. i\fter 
removal of an aliquot for analysis, the botlle was rescaled 
under nitrogen, stored at reduced temperature and reopened 
at weekly intervals for a period of 3 weeks, the same pre- 
cautions being observed at each subsequent rescaling and 
storage. The absorption of the non-sa])onifiable fraction at 
325 mq was measured by moans of a photoelectric spectro- 
photometer, using a Hilger double monocliromator. The 
values for 325 mq were 1.50, 1.42, 1.3S and 1.3S, respec- 
tively. These figures indicate a fall of S% in the vitamin A 
potency of the oil during a 3-week period under storage 
conditions which should keep such losses at a minimum. 

In view of these observations on the instalnlity of U.S.P. 
reference cod liver oil no 1, it is important to reevaluate the 
bioassay values reported by Booher and Callison (’39) for 
the crystalline carotene, cooked spinach and cooked peas, 
in Avhich the standard was U.S.P. reference oil no. 1, and to 
compare them Avith the carotene content of these supplements 
as measured chemicall 5 ^ The bioassay indicated a vitamin A 
potency for crystalline carotene 15.9 7f> liigher than Avould have 
been predicted from the carotene analysis, and values 12.9 and 
14.7% higher than calculated for the cooked peas and cooked 
spinach, respectively, assuming complete utilization of caro- 
tene from the vegetables (table 2). An uncorrected decrease in 
the actual potency of the standard of reference employed in a 

■* Wisetiititij H. G. XJnpublished datti. 
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bioassay leads to just sucli an apparent increase in tbe vitamin 
A value of tbe material being assayed as reported by Callison 
and Orent-Keiles (’45). It is, of course, impossible to de- 
termine "wbetber or not tbe entire amount of tbe discrepancy 
between tbe 2 values can be accounted for in tbis way. Since 
no spectropbotometric measurements were made of tbe sam- 
ples of reference cod liver oil no. 1 used in tbe assays, tbe 
extent of tbe deterioration of tbe standard is unknown. How- 
ever, CaUison and Orent-Keiles (’45) have demonstrated that 
errors of from 30 to 44% can actually occur in vitamin A 
assays, due to deterioration of U.S.P. reference cod liver oil. 

Since U.S.P. reference cod liver oil no. 1 was used in es- 
tablisbing tbe bmnan requirement for preformed vitamin A 
by Boober, Callison and Hewston (’39), these values are also 
probably somewhat too high. On tbe other band, tbe quantita- 
tive relationship between tbe human requirement for pre- 
foiTued vitamin A and for carotene established in tbis study 
remains unchanged, since any correction necessitated by tbe 
instabibty of tbe U.S.P. reference oil no. 1 applies equally 
to both tbe cod liver oil and carotene preparations used as 
supplements. Tbis relationship appears to be remarkably 
constant for tbe 5 subjects studied. On tbe basis of inter- 
national units per kilogram, subject no. 1 required 62% as 
much preformed vitamin A as of vitamin A value provided 
by carotene in oil. Subjects nos. 2, 3, 4, and 5 required 54, 
58, 58, and 57 % respectively. Since in every ease the human 
“requirement” in terms of tbe bioassay vitamin A value of 
tbe carotene, is greater than tbe “requirement” in terms of 
preformed vitamin A, it is apparent that tbe human being 
experiences somewhat greater difficulty than the rat in utili- 
zing carotene in tbis form. 

As pointed out above, deterioration in tbe reference oil 
may account for tbe higher values of vitamin A potency ob- 
tained by bioassay as compared vdtb chemical analysis of 
carotene m oil, peas, and spinach. These differences ranged 
from at least 13 to 16% in magnitude. On tbe other band, tbe 
lower value obtained for carrots must definitely indicate tbe 
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rat’s inability to utilize carotene from carrots as effectively 
as from the other sources. Gryslalline P-carotene was the 
standard used in the vitamin A bioassay of carrots. There- 
fore the question of instability of reference oil does not enter 
into consideration of the bioassay figures for Ibis vegetable. 

Comparison of the lunnan vitamin A “requirements” cal- 
culated from the chemical analyses of the several supplements 
(table 4) demonstrates that carotene from dilTerent sources 
varies in its availability to the human organism. For sub- 
jects 10, 11 and 12, carotene from a food source a])pears to be 
more fully utilized than carotene in oil. Subjects 10 and 11 
required only 03 and 61% as much carotene, respectively, 
when derived from peas as from crystalline carotene fed in 
oil. Subjects 11 and 12 required 81 and 83% as mucli carotene, 
respectively, when derived from spinach as pure carotene in 
oil. Unfortunately, it was impossible to study the ability of 
subjects 6, 7, S and 9 to utilize carotene in oil. since the ex- 
periments were forced to terminate because the subjects were 
called to military service. 

The rat was able to use carotene from carrots only about 
one-third as well as from peas, spinach or pure carotene in 
oil. It is possible that the human being utilizes carotene fi’om 
carrots more efficiently than does the rat. On the basis of the 
bioassay values, the “requirement” of all 4 subjects for caro- 
tene from carrots is below the range found for the 9 subjects 
receiving carotene from the other sources studied, in all but 
1 case (.subject 4 for pure carotene). This is true even when 
the bioassay figures are decreased b}' 13 to 16% to adjust 
for possible deterioration of the reference cod liver oil. 

In this connection it may be noted, however, that the amount 
of carotene utilized from carrots by the human subjects in 
this study to support normal dark adaptation i.<; consistent 
mth the recent observation of the Vitamin A Sub-committee 
of the Accessory Food Factors Committee, Lister Institute 
and Medical Research Council (’45) that 75% of the carotene 
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from dietary carrots was eliminated in the feces, leaving 2551 
available to tbe body. Xo details of tbe chemical methods 
employed were given in tbe preliminary report, bo^vever. 

Inasmuch as neither chemical analyses of carotene content 
nor bioassays of vitamin A potency are necessarily indicative 
of the actual availability of this nutrient to the human being, 
clear-cut differentiation should be made betveen (1) the vit- 
amin A or carotene content of a food as determined by 
chemical analysis (2) the vitamin A or carotene requirement 
of the animal, including man, as deteimined by the amount 
of crystalline carotene or vitamin A preparation necessary 
for the support of a specific physiological function (for exam- 
ple growth or normal dark adaptation), and (3) the efficiency 
of utilization of the nutrient from a given food to meet these 
requirements. Graves (’42), Bacharach (’41) and Pyke (’42) 
have discussed some of the difficulties encountered in inter- 
preting data for practical use and suggestions for overcoming 
these difficulties have been offered. However, any general 
factors suggested at this time to be applied as human avail- 
ability corrections to the vitamin A or carotene values ap- 
pearing in dietary tables are purely empirical and vary with 
different foods. 

The results of this study emphasize the need for caution 
when making use of carotene and vitamin A values found in 
current food composition tables for the planning of diets 
and evaluation of their adequacy •with respect to human re- 
quirements for this vitamin. In addition, they point to the 
need for further investigation of vitamin A and carotene 
utilization by man by means of balance or digestion studies 
paralleled by similar experiments with rats, since the latter 
are the standard animals employed for the vitamin A bio- 
assay. It is important to include a large number of human 
individuals in such a study, since variability in this species 
is extremely great. Such studies, though difficult and time- 
consuming, will yield infonnation of value in bringing order 
out of the confusion which now exists in this field. 
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It lias been sboivn that chicks require arginine for mainte- 
nance and growth (Arnold et al., ’36 ; Klose et al., ’38 ; Klose 
and Alm qnist, ’40). Eats, on the other hand, can synthesize 
arginine at a rate which permits maintenance hut which is 
insufficient for optimum growth (Burroughs et ah, ’40). The 
need for arginine by the turkey poult has not been investi- 
gated previously. Three experiments were completed in which 
young poults were fed an arginine-low ration supplemented 
with various levels of arginine to determine whether poults 
require this amino acid, and if they do, the amount necessary 
for optimum growth. 

EXPERniENTAL 

The basal ration used in experiments 1 and 2 contained the 
following per 100 gm: water-washed casein, 26.6 gm; 1(— ) 
cystine, 0.4 gm; glycine, 2.0 gm; calcium gluconate, 5.0 gm; 
fish oil (3000 A-400 D), 0.5 gm; synthetic vitamins, 0.20591 gm; 
soybean oil, 3.0 gm ; special salt mixture, 1 gm ^ ; cholic acid, 
0.1 gm ; hexane extract of alfalfa, equivalent to 2.0 gm alfalfa ; 
folic acid equivalent to 4 gm solubilized liver ; and glucose to 
make 100 gm. The special salt mixture contained (in %) 96.47 

'Composition: tricalcium phosphate, 3.5 gm; dipotassium phosphate, 1.29 gm; 
pota^^ium chloride, 0.3 gm; magnesium sulfate, 0.4 gm; sodium silicate, 0.2 gm. 
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sodium chloride, 0.49 manganese, 0.1 iron, 0.05 copper, 0,05 
zinc, 0.05 ahmiinum, 0.002 cobalt and 0.04 iodine. The syn- 
thetic ^dtamins included choline chloride 0.2 biotin 0,00001 
gm, alpha tocojiherol 0.001 gm, thiamine 0.0005 gm, riboflavin 
0.0005 gin, pyridoxine 0.0004 gm, d-pantothenic acid 0.002 gm, 
and nicotinic acid 0.0015 gm. For the third experiment the 
basal ration was essentially the same as in the pi’evious tests, 
but the casein was increased to 28% and pterojdglutamic acid - 
was substituted for the folic acid concentrate. The l(-f) 
arginine monohydrochloride, I(-)cystine, and glycine used 
were commercial preparations. 

Bronze turkey poults were used in these experiments. At 
hatching they were placed in electrically heated batteries with 
raised wire floors and fed a regular starter mash. At 1 week 
of age, the poults were divided into equivalent weight groups 
of 9 poults each in the first 2 experiments and 8 each in the 
third test. The experimental diets and water were supplied 
ad libitiun. The first and second experiments were continued 
for 10 days each and the third experiment for 12 days. 


HESULTS AND DISCUSSION 


Block and Bolling (’45) have reported that casein contains 
4.1% arginine on a 16% nitrogen basis. Since the Avashcd 
casein in the present series of experiments contained S2.5% 
crude protein, it Avas assumed that it contained 3.4% arginine. 
This value Avas used throughout in calculating the arginine 
content of the rations. 

Data for the 3 experiments are shown in figure 1. The per- 
centage gains per day Avere calculated according to the 
folloAAung formula : 


percent gain 


per dny = 


average g ain X 100 

average body weighFx nmnber of days 


The results agree Avell with those to be expected except for 
the groups in experiments 1 and 2 which Avere fed 1.15% 


’The ptcroylglutamic acid ivas kindly supplied by Lederlo Laboratories, Inc., 
Pearl Piver, K. Y,, through the courtesy of Dr. T. H. Jukes. 
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arginine: tliese gained less than the gi’oups fed slightly less 
(1.07%) arginine. In each of the first 2 experiments the 
highest level of dietaiy arginine produced the greatest gain, 
with a gi-eater gain on the 1.31% than on the 1.23% level 
(fig. 1). These results indicated that the optimum level had 
not been exceeded hut since the gains made hy the poults fed 
the highest level of arginine were only slightly less than the 
maximum gains expected on this tyiie of diet, the optimum 
level could not he greatly in excess of 1.31%. To determine 
this optimum level, the amount of arginine was increased to 



Fig. 1 The relation of gain in iveight of jonng poults to the level of arginine 
in their ration. 


1.69% of the ration in the third experiment. The growth curve 
showed a plateau at a level of approximately 1.35% of 
arginine. 

Mortality did not seem to be related to the level of arginine 
fed, with the possible exception of the first test in which 2 
poults died in the group receiving the lowest level of arginine, 
while 1 poult died in the group receiving 1.07% arginine. In 
the second test 2 poults died in each of the groups receiving 
0.98 and 1.31% arginine and 1 poult in each of the groups 
receiving 0.90, 1.07 and 1.23% arginine. In the third trial. 
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llie only poult tliat died was in the group receiving 1 . 127 ^ 
arginine. 

The poult requirement of approximately 1.359^ arginine, as 
indicated in figure 1, is considerably greater tlian the chick 
requirement Avhich has boon reported to be 0.9% of the ration 
(Almquist, ’45). The poult requirement for total protein i.s 
approximately 1.2 (i.e., 24/20) t/mes greater than the chick 
requirement. If the chick requirement for arginine Avere 
increased by this factor it would equal 1.08% arginine Avhich 
is still only 80% of the amount required for poults. Thus 
the high requirement for arginine by the poult cannot he 
explained entirely by the higher requirement for total pro- 
tein. The difference in the arginine requirement of chicks and 
poults is quite similar to that reported previously to exnst for 
lysine. In the latter case, the poult requirement was found to 
be approximately 1.3% of the ration, compared Avith 0.9% for 
the chick (Grau, Kratzer and Asmundson, ’46). 

The high requirement of the poult for arginine indicates 
that it has very limited ability, if any, to sjmthesize arginine. 
In this respect the poult is similar to the chick and is in con- 
trast to the rat Avhich can gTOAv at a suboptimal rate Avithout 
a dietary source of arginine. 

It is of interest to mention that in the third experiment, 
gains produced in groups on adequate levels of arginine Avere 
slightly greater than gains produced in a control group fed 
a practical poult starter. 


SUJrMARV 

Poults were fed a purified type ration Avith casein, glycine, 
cystine, and various levels of arginine as the only source of 
amino acids. Approximately 1.35% arginine Avas required in 
the total ration to produce optimum grovdh. 
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Lindley and Cunha ( ’46) slio'wed that the addition of inositol 
and biotin to the ration (purified) of the young pig did not 
increase growth or efficiency of feed utilization. Ho-wever, 
they sho-wed that biotin and inositol -were needed by the pig 
when sulfathalidine was included in the ration at a 0.5% 
level. In their work -with the pig it Avas postulated that 
inositol functioned indirectly by stimulating intestinal syn- 
thesis of biotin. A biotin deficiency SAUidrome similar to that 
observed by Lindley and Cunha (’46) as a result of feeding 
sulfathalidine in the ration was shown to occur Avhen desic- 
cated egg Avhite, at a 30% level, was included in the ration of 
the pig (Cunha, Lindley. and Ensminger, ’46). Carhvright, 
Wintrohe and Humphreys (’46) produced an anemia in a 
pig, by including 2% of sulfasuxidine in the ration, which 
responded to a highly purified INer extract; however, they 
Avere not sure AA’hether the anemia Avas due to a folic acid 
deficiency. 

The experiment Avhich is herein reported Avas undertaken 
to determine AA'hether the addition of folic acid and para- 

* Published ns Scientific Paper no. 706, College of Agriculture and Agricultural 
Experiment Stations, State College of Washington, Pullman. This study Avas 
supported in part by a grant from the Nutrition Foundation, Inc., New York, 

N. y. 
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aminobeiizoie acid alone, or in combination with inositol ami 
biotin, would be of any benefit, when added to a purified basal 
ration containing' the 6 B-complox vitamins; tbiamine, ribo- 
flavin, niacin, pvridoxinc, pantotbenic acid, and choline. In 
addition, a liver iireparation (n.sed in pernicious anemia in 
bumans) was compared with folic acid for tlie pig. TJie elTeet 
of sulfatbalidine administration on vitamin requirements of 
the pig was also studied. 


nxPi:RiMi:XT,\L 

Eight-week old pigs were used in the lots where i)urified 
i-ations were fed. These pigs wei'e farrowed by 4 Chester 
White gilts wliicb had been bred to a Danish Laiidrace boar. 
The dams of these pigs wore fed a ration of the following 
percentage composition during gestation and Jactation; wheat 
27, barley 27, cull peas 20, millrun 10, tankage b, alfalfa meal 
10, oyster shell 0.5, and iodized salt 0.5%. 

The pigs were distributed equally into lots on the basis 
of weight, sex, and ago. One pig from each of the 4 dams 
was placed in each of the 5 lots where ])urified rations were 
fed. The rations fed are shown in tables 1 and 2. The same 
pigs were used throughout the 2 phases of this experiment. 
During the first phase (7-week period) the effect on the nu- 
trition of the pig of folic acid and para-aminobenzoic acid, 
alone and in combination witli inositol, biotin, and a liver 
pi-eparation - used in the treatment of pernicious anemia in 
humans, was investigated. During the second phase (5-week 
period) the effect of sulfatbalidine on the need for these vita- 
mins bj^ the pig was determined. 

The purified basal ration used in this experiment was the 
same as that reported previously by Heinemann, Ensminger, 
Cunha and McCulloch (’46). The ration consisted of casein 
26.1%, sucrose 57.7%, lard 11% and mineral mix'* 5.2%. 

^^‘Concentrated Solution Liver Extract, ParentcrnP> used for treatment of 
pernicious anemia. This was supplied by Lederle Laboratories, Pearl River N. T. 

3 Vitamin Test Casein GBI, manufactured by General Biochemicals, Inc., 
Chagrin Palls, Ohio. 

^Same as used by Wintrobe (‘39), and as modified by Heinemann et al, (‘46). 
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"Water soluble vitamins were fed (in mg per kg of live weight 
daily) as follows: tbiamine 0.52, riboflavin 0.12, niacin 1.20, 
pantotbenic acid 0.50, pyridoxine 0.20, and cboline chloride 
10.00; fat soluble vitamins were supplied (per pig daily) as 
follows : vitamin A, 5,000 I.U., vitamin E, 57 mg, vitamin K, 
2 mg, ^’itamin C, 50 mg, and vitamin D, 700 I.TJ. 

A modification of the “paired feeding tecbniciue” (Mitchell 
and Beadles, ’30), was used in order to maintain tlie .‘^arae 
feed intake by all pigs fed purified rations. Tims, the feed 
intake of the pigs was limited to the amount consumed by tbe 
pig with the least appetite — with the ^'itamins and the sul- 
fonamide studied being the only variable among the lots of 
pigs. The pigs were fed in individual feeding stalls. To pi'e- 
vent coprophag}' the pigs were kept on raised floors which 
■were washed t'wice daily. At no time during the experiment 
was any tendency for the pigs to eat their feces observed. 

To prevent rancidity and subsequent destruction of vita- 
mins, the purified ration was mixed every third day and kept 
in an ice box. All ■\T.tamin solutions were stored under re- 
frigeration. The required amount of the vitamins fed each 
pig was measured in calibrated pipettes and placed on top 
of the ration every other day (even.- fourth feeding) just 
before feeding time. 

The pigs in lots and were fed natural grain I’ations. 
The pigs in lot '\r[A were of similar background and age as 
those fed xDurified rations. The rest of the pigs fed natural 
grain rations -n-ere 1 week younger and from Chester "Wliite 
so-ws fed the same ration as that fed the dams of the pigs on 
purified rations. 

In lot W, the natural (fish meal) ration consisted of wheat 
20, barley 18.5, millrun 4.0, cull peas 16.0, soybean oil 6.0, fish 
meal (66.8% protein) 30.0, alfalfa meal (sun-cured) 5.0, and 
salt 0.5%. In lot VIA the pigs were self-fed this ration, 
whereas, in lot WB the intake of feed Avas limited. 

In lot WI, the natural (tankage) ration consisted of Avheat 
46.0, barley 35.0, tankage (dry rendered — 56.8% protein) 
13.5, alfalfa meal (sun-cured) 5.0, and salt 0.5%. The amount 
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of feed fed lliese 6 pigs was (he same and limited to tlie amount 
eaten by the pig with the least appetite. One-half of the pigs 
(lho.se in lot VIIA) were given folic acid. 

Each pig was bled weekly and blood was taken from the 
marginal car vein for determination of hemoglobin, erythro- 
cyte, leucocyte, and dilTcrcntial cell counts as well a.s reticulo- 
cyte studies. 

Pipettes were filled from the flowing blood on the ear. 
Smears were prepared from the same source, the stagnant 
blood being wiped away as it gathered. Ilenioglohin was 
determined according to the method of Evelyn (’36). Leuco- 
cytes were counted in 2% acetic acid diluent tinted with gen- 
tian violet. Erythrocytes were diluted with Hayem’s solution. 
Smears for diiTerential leucocyte counts were stained with 
"Wright’s stain and 200 cells were examined. Peticulocytc 
smears were stained with brilliant cresyl ])luc and counter- 
stained with Wright’s stain. 

HESULT.S AND DISCl'S.SIOX 

Growth stjidics 

The data in table 1 show that no apprecialfle lieneficial 
effect on external appearance, growth, or efticiency of feed 
utilization was obtained when either folic acid or jjara- 
aininobenzoic acid was added alone or in combination with 
inositol and biotin to the purified basal ration. One pig 
(no. 330) which received the anti-pernicious anemia liver 
extract in addition to folic acid (lot IB) made poor gains, 
became rough and scaly, and developed a brownish exudate 
throughout the surface of the body. Evidently, this pig (no. 
330) reacted abnoi-mally by developing an allergy-like condi- 
tion in response to something present in the liver extract/' 

Frequent scouring, during the first 5 weeks, was observed 
in the pigs on a restricted intake of the natural ration con- 
taining fish meal (lot VIB). The scouring accounts for the 

J. 1*. Rice, of Letlerle Laboratories, saw this pig aiul stated that occa- 
sionally lininans will react in a similar manner to the liver extract. 



The effect of folic acid (h'A), p-amiitohen^oia acid (PAI}), inosilol (IX), biotin (II), and anli-prniwionn anemia liver cxlracl 

(LE) on (fvomth. 
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poor gains and lowered oflicieney of feed ulilization obtained 
when comparing results on self-feeding versus limited feed- 
ing of the ration containing fish meal during the first 7 weeks 
of the experiment. 

Su])plementing with folic acid the natural ration containing 
tankage resulted in faster gains and in less food being re- 
quired per pound of gain. However, this elVect was obtained 
only during the first 4 weeks of the exiierimont. In the next 
0 weeks (table 2), folic acid did not improve the rate of gain. 
However, at the end of the t)-week feeding trial, the pig.s fed 
folic acid were cleaner in appearance and had bigger appetites. 
It is possible that if the pigs fed folic acid had not been 
restricted in their feed intake, they would have eaten more 
and consequently outgained the pigs not being fed this dietary 
factor. 

Occasional scouring, characterized by grayish feces, was 
obtained in all lots of pig.s fed the purified rations during the 
first 7 weeks of the experiment. The scouring usually lasted 
from 36 to 48 hours and did not seem to have any effect on 
appetite. This scouring was observed even though, in lot 
V, all the known vitamins were being fed. No scouring was 
obtained with the pigs during the second 5 weeks of the 
experiment when sulfathalidine was included in the ration. 
Howevei’, the pigs fed tlie basal ration without sulfathalidine, 
continued to scour occasionally during the second o weeks of 
the experiment. Therefore sulfathalidine, fed at a level of 
appro.ximately 0.65 gm fier 10 pounds body weight, was ef- 
fective in preventing a tjqpe of scours which occurred even 
when all known vitamins were included in the ration. Ferrin 
(’46) found that oral administration of sulfathalidine at a 
rate of 0.75 gm per 10 pounds of body weight was etfective in 
stopping scours Avhich developed in pigs fed methionine in 
addition to a natural ration. Scours in young pigs fed natural 
rations have been reported by Ross et al. (’44), Fairbanks 
et al. (’44) and Whitehair et al. (’46). IITiether there is any 
relation between the scours observed by these workers and 




SSiilfnthnlidino wan fad at a lovol rojdacinff 0.5% of tlio ration. 
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that obtained in tins ^vork with purified rations is difiieult to 
say. 

A small amount of blood was frecpiently noted in the feco.s 
of the pigs fed purified rations. Wood in the feces, as a i-esult 
of fence chewing, was found with all the jiigs fed purified 
I’ations. No fence chewing or blood in the feces was observed 
with the pigs fed the natural grain rations. In an efi'ort to 
test whether a lack of suflicient phosphorus might be respon- 
sible for the fence chewing, an extra 10 gin of CallPO, were 
given each pig daily for 10 days. This was followed by in- 
creasing the total mineral intake of the ration from 5.2 to 
7.2% for 21 da3's. The addition of the extra minerals seemed 
to alleviate, to a small extent, the fence chewing but did not 
eliminate it. Fence chewing has consistent !y been observed 
at this station with young pigs fed purified rations. 

Since the addition of either folic acid or para-aminobenzoic 
acid to the basal ration for a 7-week period was of no lienefit 
on gains or eflicieney of feed utilization, it was assumed that 
possibly the pig may be able, through the action of intestinal 
bacteria, to synthesize enough of these 2 vitamins for those 
needs. However, there is the possibilitj* that enough of these 
2 vitamins maj" have been stored during the suckling period 
of these pigs to last them through this experiment. In order 
to test whether these 2 vitamins were being synthesized, sulfa- 
thalidine which has been used to inhibit the growth of intes- 
tinal bacteria and hence vitamin s^mthosis with the pig 
(Lindlej' and Cunha, ’46) was used. 

The data in table 2 show that the addition of sulfathalidine 
to the purified basal ration for a 5-week period had no effect 
on the need of the pig for either folic acid or para-amino- 
benzoic acid as measured bj^ the rate of gain and efliciencj^ of 
feed utilization. Among all the lots of pigs receiving purified 
rations, there was little or no difference in gains except in 
lot IB where the anti-pernicious anemia liver preparation was 
fed in addition to folic acid. In this lot, 1 pig- (no. 330) ac- 
counted for the poor gains. The other pig in this lot gained 
as well as the pigs in the other lots fed purified rations. The 
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exudate wliicli pig no. 330 exhibited at the end of the experi- 
ment was not as severe as it was at the end of the first 7 
weeks. Pig no. 330 developed cracked feet by tbe end of tbe 
experiment wbicb were typical of those observed on a biotin 
deficiency with tbe pig by Lindley and Cunba (’46) and Cuidia 
et al. (’46). After tbe third week, pig no. 330 began losing 
some hair on tbe posterior part of tbe bam and displaying 
a sensitivity in the feet and a tendency to lie down and remain 
inactive. All 4 feet became cracked and bled occasionally. 
Tbe pig also displayed considerable hypersensitivity when 
forced to move. The hair loss and cracked feet are typical 
of a biotin deficiency. Tbe other pig in this lot also bad 4 
cracked feet and a slight hair loss on tbe posterior part of tbe 
bam. However, tbe most marked biotin deficiency symptoms 
were obtained with pig no. 330. 

In lot lAA (basal -f- sulfatbalidine) 1 pig displayed cracks 
ill tbe feet typical of a biotin deficiency. Tbe other pig in this 
lot bad a slight hair loss on the posterior part of tbe bam. 
In lot n (basal -j- folic acid) all 4 pigs displayed slight to 
moderately cracked feet typical of a biotin deficiency. Two 
pigs displayed a slight hair loss on the posterior part of tbe 
bam. In lot IH (basal PAB) 2 pigs displayed moderately 
cracked feet and 1 of these pigs bad a slight hair loss on tbe 
posterior part of tbe bam. All pigs in lots lA, H^A, lATB, and 
V were normal in appearance with regard to hair coat and 
feet. This substantiates tbe work of Lindley and Cunba (’46), 
which showed that biotin in tbe ration would prevent tbe 
symptoms discussed above. Tbe biotin deficiency symptoms 
exhibited in this work were veiy mild as compared to those 
observed previously by Lindley and Cunba (’46). This may 
be due to 2 things: (1) In tbe previous work lighter pigs were 
used and sulfatbalidine was fed after tbe pigs bad previously 
been fed sulfaguanidine for 5 weeks, and (2) tbe pigs were fed 
sulfatbalidine for 6 weeks in tbe previous work as compared 
to 5 weeks in this trial. l\Iiller ( ’45) showed that sulfatbalidine 
fed to rats over a long period of time caused nutritional de- 
ficiency symptoms wbicb were corrected by tbe feeding of 
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biotin and folic acid. Cartwright, Winti'obe and ninnplirey.s 
(’46) were able to jjroduce an anemia in the jiig which re- 
sponded to a highly purified liver extract. However, the 
anemia was produced after feeding 2% of snlfa.suxidinc in the 
ration for an extended period of time; they were not .sure 
that the anemia was duo to a folic acid deficiency. 

The data in table 2 show that the pigs fed a limited ainoniii 
of the natural ration containing fish meal were very etiicient 
in utilizing their feed. During the second .l-week period, the 
pigs fed a limited amount of the fish meal ration required 
3.11 pounds of feed per pound of gain whereas the pigs self- 
fed the same ration required 4.24 jiounds of feed per pound 
of gain. 

Studies of the blood 

Ilcmoglohiu. The data in table 3 show that during the first 
7-weok period the addition of folic acid to the basal purified 
ration was of some help in hemoglobin formation. The addi- 
tion of para-aminobenzoic acid to the basal ration resulted in 
slightly higher hemoglobin values. Those obtained with the 
pigs fed the natural gi-ain rations (lots VI and VII) are some- 
what in line with others reported in the literature by Kerii- 
kamp (’32), Croft and Moe (’32) and Nordskog et al. (’44). 

It is of interest to note that the addition of folic acid to the 
basal purified ration resulted in higher hemoglobin values 
than those obtained with the pigs fed the natural grain rations. 
Since the natural ration containing 30% fish meal may be 
considered very well balanced nutritionally, one might wonder 
Avhether many supposedly well-balanced natural grain rations 
really support maximum hemoglobin formation. The question 
might also be raised as to whether the pigs fed tlie basal 
ration plus folic acid were better off nutritionally since their 
hemoglobin values were a little liigher than tliose of the pigs 
self-fed the natural ration containing 30%. fisli meal. 

Tlie addition of folic acid alone to the basal purified ration 
(lot II) stimulated hemoglobin formation. However, when 
folic acid was added along with the liver extract (lot IB) or 
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other vitamins (lot V), it did not stimulate hemoglobin for- 
mation. This finding is difficult to explain. It is possible 
that it may have been caused by some vitamin imbalance. 
Suggestions of a possible imbalance of vitamins Avere ob- 
tained by Cunha et al. (’43) ■with rats, and by Cunha et al. 

TABLE 3 


The effect of folic acid (FA), jy-aminohenzoic acid (FAB), inositol (IX), biotin 
(B), and anti'pcrnicioiis anemia liver extract (BE) on hemoglobin level of pigs. 


l.OT 

NO. 

K.\TION FED 

BLOOD HEMOGLOBIX 
(GSr/lOO ML) 

1 

First 7 weeks 

Xext 5 

weeks 




No 

Xo 

Sulfatha- 




sulfonamide 

sulfonamide 

lidine 




added 

added 

added 

TA 

Basal 


12.51 

12.89 

13.60 

IB 

Basal 4- fa 4- 

LE 

12.33 


13.23 

IT 

Basal 4* fa 


14.18 


13.90 

III 

Basal 4* fab 


13.49 


13.01 

TVA 

Basal + PAB -F IX -i- B 

12.77 


13.40 

IVB 

Basal + PAB -t- IX -f B 





-FLE 




13.24 

V 

Basal 4- PAB + IX ^ B 





4- FA 


12.17 


13.09 

VIA 


Self- 





Xatural 

fed 

12.57 

13.05 



Tatlon 






with fish 

Limited 




VIB 

meal 

amount 






fed 

12.52 

13.13 


VITA 


Folic 





Xatural 

acid 





ration 

added 

11.47 

11.32 



with 





VIIB 

tankage 

Xothing 






added 

11.55 

11.54 



' The hemof'lobin values are an average figure of all the times the pigs were bled. 
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(’44) willi sows. Willi both rats and sows, tliore were many 
instances where the addition of 1 vitamin or a combination 
of vitamins gave poorer resnlts than wlien no vitamins were 
added to the basal ration being studied. 

Of interest is the fact tliat the liemoglobin values wei'e about 
the same with the pig self-fed as compared with those feci 
a limited amount of the same natural grain ration containing 
fish meal. The addition of folic acid to the natural grain ration 
containing tankage bad no elTecl in stimulating hemoglobin 
formation although it stimulated growth to a slight extent 
during the first 4 weeks of the experiment. The addition of 
sulfathalidine to the purified rations did not have any efl'cet 
in lowering hemoglobin values. This may have been caused 
by too low a level being fed, or the feeding of sulfathalidine 
not being continued for a long enough period. 

Erythrocytes. AYeekly averages of all groups of pigs 
showed erythrocyte counts in the range of G to 10 millions 
per mm-*. Kernkamp (’32) reported an average of about 
7 million erythrocytes in pigs 40 to 80 days of age. Figures 
reported by Kohner and Boencer (’41) show a range of 5 
to 9 million erythrocytes per mm** for swine, although the ages 
of their pigs were not given. It would thus appear that neither 
anemia nor polycythemia was produced in pig>. in this experi- 
ment since their erythrocyte counts wore within normal 
ranges. No appreciable differences in number of erythrocytes 
were obtained between the various groups of pigs. Excessive 
numbers of immature or abnoi'inal erythrocytes were not 
observed. 

Betientocytes. The reticulocyte counts in the various groups 
of pigs averaged from 0.3-2. 6% of the erythrocytes. The 
reticulocjde numbers were consistently lower during the 
period sulfathalidine was fed than they were in the same 
group during the first part of the experiment. Coffin (’46) 
reports a reticulocyte range of 0.5-4.5% in swine. It is as- 
sumed that the reticulocyte counts in this experiment were 
within a normal range. 
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Leucocytes. l\'eekly averages of all groups of pigs showed 
leucocyte counts in the range of 10,000 to 30,000 per niru^ 
Kemkamp (’32) reported an average leucocyte count of 
about 21,600 in pigs 54 to 80 days old. From Kemkamp ’s 
work it would appear that young pigs have a relatively high 
leucocyte count, as was found in this work. While some 
of the leucocyte counts were high, there was no appreciable 
difference among the various groups, and the counts were 
regarded as being within normal range. 

During the last 3 or 4 weeks of the experiment there de- 
veloped a moderate relative lymphocytosis and neutropenia, 
which was less marked with the natural gi-ain ration fed the 
pigs in lots VI and It may be that this difference was due 
to some factor or factors contained in the natural rations 
and not contained in the purified rations. There was no 
appreciable difference among the groups of pigs fed pui’ified 
rations in this regard. 

SUMIIARY AND CONCLU.SIONS 

During a 7-week trial, no beneficial effect on external ap- 
pearance, growth, or efficiency of feed utilization was ob- 
tained when either folic acid or para-aminobenzoic acid was 
added alone or in combination with inositol and biotin to a 
purified basal ration which contained the 6 B-complex vitamins 
— thiamine, riboflavin, niacin, pyridoxine, pantothenic acid, 
and choline. 

The addition of folic acid or para-aminobenzoic acid alone 
to the basal purified ration stimulated hemoglobin formation 
to a small extent. However, when folic acid was added to the 
purified basal ration in addition to the liver extract or other 
vitamins, it did not stimulate hemoglobin formation. It is pos- 
sible that this may have been due to some vitamin imbalance. 
The addition of folic acid alone to the basal purified ration 
I’esulted in higher hemoglobin values than those obtained 
with pigs fed a natural grain ration containing 30% fish meal. 
The provision of folic acid to pigs fed a natural grain ration 
containing tankage did not have any effect on hemoglobin 
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fonnalion allliougli il caused some stimulation ot‘ growth 
during the first 4 weeks and caused the pigs to ])c cleaner 
in appearance and have bigger appetites at the end of the 
cxiJerimenlal period. TJiis may also mean tlial even lliougli 
iolic acid does not help growth with a purified ration, it may, 
under certain conditions, promote growth Avilh natural grain 
rations. 

One pig, being injected Avith the anti-i)erniciou.s anemia Iwer 
extract, reacted to it abnormally. The pig made poor gains, 
deA’’eIoped rough and scaly skin, and a hrowni.sh exudate 
throughout the surface of the body. 

Sulfathalidine, fed at a level of approximately 0.G5 gm per 
10 pounds of body AA'cight, Avas effective in ])reventing the 
scours, characterized by a grayish feces, Avhich occurred 
periodically with the pigs fed pvAvified rations even in the 
group AA-here all the ImoAvn vitamins Avere feci. 
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THE SPAEIXG ACTIOX OF PROTEIN ON THE 
PANTOTHENIC ACID REQUIREMENT 
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TWO FIGURES 

(Received for publication March 5, 1947) 


The sparing action of high protein (casein) diets on the 
pantothenic acid requirement of the rat (Nelson and Evans, 
’45) vas shoivn by the increased growth and survival of rats 
deficient in pantothenic acid from birth or from weaning. 
This sparing action may be due to (1) an “absolute” decrease 
in the requirement for the vitamin; (2) a relative decrease 
because of decreased vitamin loss by urinary excretion; or 
(3) an increased intestinal synthesis of the vitamin. To in- 
vestigate the latter 2 possibilities the urinary and fecal ex- 
cretion of pantothenic acid has been determined for deficient 
rats maintained on purified diets vaiying from 24% to 64% 
casein. 

The present study shows that the fecal excretion of the 
vitamin was variable and a relation to the dietaiy protein level 
not apparent. This would seem to exclude the third view that 
increased intestinal synthesis of the vitamin occurs. On the 

* Aided by grants from the Board of Research and from the Department of 
Agriculture of the University of California, and the Rockefeller Foundation, Xew 
lork City. The following materials were generously contributed: crystalline B 
vitamins from IIofTmann-LaRoche Co., Xutley, X. J., and Merck and Co., Inc. 
Rahway, N. J.; alpha-tocopherol from Merck and Co., Inc. 

’ General Mills Feljow. 
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other hand, the urinary vitamin excretion was definitely ob- 
served to increase witli the protein intake. Tlie second ex- 
planation that a decreased vitamin loss liy urinary cxerctinii 
occurs is, therefore, erroneous. Tlie data here pre.sented, 
theveforo, indicate instead that there is an nnexplained “ah- 
solnto” decrease in the rat’s rocpiirement for pantotlienic 
acid as such when liigher protein intake occurs. 

Tlie marked increases observed in urinary vitamin excre- 
tion prompted a reexamination of the pantotlienic acid con- 
tent of various purified and “vitamin-free” caseins, all of 
which were found to contain significant amounts of panto- 
thenic acid. When the calculated amount of pantothenic acid 
present in the high-protein diets was added to the high- 
cai’hohydrate, diet, such supplemented diets were still not 
equal in sparing action to tlie high-protein diets on which 
littermates were maintained. 

EX P Ein M EXT A L PKOCEnUK ES 

Twenty-one day old rats, littermates of the Long-Evans 
strain, were divided into equivalent groups, balanced accord- 
ing to body weight, and placed in individual cages with 
.screens, jifales Avere used for all e.xperiments except the first 
one. The animals were examined and Aveighed every 5 days; 
those in iioor condition Avere checked daily. 

The purified pantothenic acid-deficient diets used varied 
only in their proportions of carbohydrate and protein. The 
basal diet (high-carbohydrate) contained 24% alcohol-ex- 
tracted casein, 64% sucrose, 8% hydrogenated cottonseed oil,® 
and 4% salts.^ The high-protein diet contained 64% casein 
and 24% sucrose AA'ith the remainder of the constituents iden- 
tical. Both diets contained the following crystalline B vita- 
mins per kilogram of diet: 5 mg thiamine-HCl, 5 mg pyri- 
doxine-HCl, 10 mg riboflaAdn, 10 mg p-aminobenzoic acid, 
20 mg nicotinic acid, 400 mg inositol, and 1 gm choline chloride. 
Each rat received AA'eekly a fat-soluble A’itamin mixture con- 


^ Crisco. 

^ Salts no. 4 of Hegsted et al. (Ml). 
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taiuing 325 nig corn oil/ 400 U.S.P. units vitamin A, 58 Chick 
Units vitamin D, and 3 ing alplia-tocoiilierol. 

The microbiological assay method of Strong et al. (’41) as 
modified by Xeal and Strong (’43) and by Strong (’44) was 
used for pantothenic acid analyses. Urine and feces were 
collected for a 24-hour period and pooled for each dietary 
group. Individual metabolism cages were used for each rat 
and every precaution taken to eliminate contamination of 
urine Avith the feces. This was especially important because 
the pantothenic acid content of feces was considei’ably higher 
than that of the urine. Food was not given to the rats during 
the 24-hour collection period because of the difficulty in pre- 
venting scattering of the diet with the subsequent contamina- 
tion of urine and feces. Also, it was felt that food intake 
during this period would introduce an additional variable 
into both the urinary and fecal excretion. 

EESTJLTS 

Groivtli and survival 

Table 1 summarizes the data on growth and survival of 
deficient rats maintained on the 24% and on the 64% casein 
diets. Growth and survival on the high protein level were in 
striking contrast to those on the lower level. Furthermore, the 
superiority of the high-protein diet increased with age. Both 
-gi'owth and suiwival on the 64% casein diet were slightly but 
significantly better by 60 days of age and markedly better 
by 90 days of age. Few animals maintained on the 24% casein 
diet survived 120 days (only 21% under the experimental con- 
ditions), whereas animals maintained on the 64% casein diet 
survived indefinitely once they were past the critical age of 
50-70 days. Animals have been maintained as long as 12 
months on the high protein diet deficient in pantothenic acid, 
their body weight and general condition improving with each 
month. .It will be noted that the few deaths on the 64% level 
occurred, with only a single exception, before 60 days. 


* Mazola. 



192 


MAltJORIE M. NELSON’ AND OTHEHS 


Apparently 1 or 2 rats in oacli series cannot become adjusted 
to the high protein diet in time for the sparing action to be 
effective. 

Tlie tyiiieal symptoms of pantoflicnic acid dcfioioncy ob- 
served in the groups receiving the 24% casein love] (greying, 
porphyrin deposition, dermatitis, and hemorrliagic adrenals) 
ware ameliorated at the 64% level. Greying occurred on tlie 

TABLE 1 


Lf)ccts of dietary protein level on yrotvth and ^s'urvival of 
pantothenic arid deficient rats^ 



NO or 

AV WT. 

AV. WT, 

simvivAU 

AV UT 

NUKVlVAf, 

AV. UT. 

.St’RVn’AU 

c\sriN 


I>AY 2 1 

OAY GO 

UAY GO 

I>\V 00 

n\Y 00 

U\Y 120 

t)\v 120 



pm 

pm 


gv\ 


gm 



13 9 

47 

84 

64 

93 

8 

, . . 

0 


10 CJ* 

48 

110 

80 

110 

50 

94 

10 


12 c? 

47 

100 

58 

120 

42 

132 

25 

24 

loc? 

48 

04 

67 

118 

40 

137 

40 


10 rf 

48 

102 

70 

^ oo 

10 

146 

10 



no 

in 

73 

128 

53 

3.30 

29 

Averages 

77 ? 









and cf 

48 

101 

GS 

120 

35 

134 

21 


12$ 

4S 

iin 

S3 

170 

S3 

202 

83 


10 c? 

47 

141 

00 

234 

90 

300 

90 

64 ' 

12 (5* 

47 

124 

02 

205 

S3 

255 

S3 


c? 

48 

112 

100 

170 

100 

200 

100 

Averages 

39 $ 









and c? 

47 

124 

90 

197 

87 

243 

87 


'The animals maintained on the G4% casein diet are littormates of the cor- 
responding first 4 groups on the 24% casein diet. The additional animals on the 
24% level are included to show the variation in growth and survival on this diet. 


high-protein level at the same time it was observed on the 
lower level (45-65 days of age) but in the majority of animals 
maintained on the high protein level the original fur color 
began to return between 90 and 120 days of age. Spontaneous 
cures of greying have been reported for rats receiving sub- 
optimal levels of pantothenic acid by Henderson et al. ( ’42) 
and by IJnna and Richards (’42). Porphyrin deposition and 
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dermatitis were not observed at the high protein level; how- 
ever, hemorrhagic adrenals were found in the few rats that 
died at an early age. 

Urinary and fecal excretion of yant otlienic acid 

It is evident from the data summarized in figure 1 that the 
urinary excretion of pantothenic acid was significantly higher 
for rats on the 64% casein diet than for those on the 24% 
casein diet. Urinary excretion on the high casein level in- 
creased directly with age and paralleled the increased growth 
and survival observed on this diet. This increasing superi- 
ority of the high protein diet with age may be due to the fact 
that the pantothenic acid requirement of the rat decreases 
with age (Unna and Richards ’42). The daily urinary excre- 
tion of pantothenic acid for 56 rats maintained on the 64% 
casein diet averaged 6.0 pg, beginning with 3.3 ag (day 30-60) 
and 4.6 ag (day 60-90) up to 6.7 a°' (day 90-120) and 7.1 ag 
(day 120-165). Additional determinations carried out on 21 
older rats, 225-285 days of age (not shown on the figure), 
averaged 10.7 ag daily. In contrast, the daily urinary excre- 
tion of pantothenic acid for 45 rats maintained on the 24% 
casein diet averaged 0.9 ag, with corre.sponding figures for 
the same age groups of 0.8 ag, 0.8 ag, 1-1 ag, and 1.1 ag, re- 
spectively. The vitamin excretion on this diet was similar 
but slightly higher (as would be expected) than the values 
reported by Henderson et al. (’42) for pantothenic acid de- 
ficient rats maintained on an 18% casein diet. 

The fecal excretion of pantothenic acid varied markedly, 
regardless of the casein level. Up to 90 days of age, at which 
time growth and survival on the high protein level are already 
markedly better than on the lower level. thei*e was no sig- 
nificant difference in fecal excretion for the 2 protein levels.® 

•Kcecntly, Wriglit and Skcggs (MG) have reported that the fecal excretion of 
the B vitamins (including pantothenic acid) varied directly with the protein level 
when diets supplemented with 8 B vitamins but furnishing deficient or suboptimal 
amounts of casein (o9c-189r) were used. It may be noted that the lowest casein 
level used in the present study was 249^r. 
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Aflci* 90 clays of age the higli proloin group londod to excrete 
more pantotlienic acid in their feces. This tendency is shown 
in the averages foi' the dietary groups and for llie difi'erent 



Fig, 1 Urinary and fecal pantothenic acid excretion by pantothenic add 
defident rats maintained on diets containing 24% and 047c casein. 0=24% 
casein diet, 4, == 64%> casein diet. 
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age groups on the diet. Fifty-eight rats maintained on the 
64% casein diet averaged 12.4 pg fecal pantothenic acid per 
24 hours, beginning ■svith 7.2 ng (day 30-60) and 8.3 pg (day 
60-90) to 14.1 [jg (day 90-120) and 14.2 Mg (day 125-165). In 
addition, determinations carried out ■«dth 23 older animals, 
225-285 days of age (not shown on the figure) averaged 
20.9 (Jg daily. On the 24% casein diet 45 rats averaged 8.0 (ig 
fecal pantothenic acid per 24 hours and the corresponding 
figures for the same age groups were 7.8 (jg, 7.5 (jg, 11.5 Mg, and 
6.5 Mg, respectively. Few determinations were carried out 
on rats maintained on the 24% casein level over 120 days of 
age because of the small number of animals surviving this 
peiiod. 

Mention has been made of a poshible effect of food intake on 
fecal excretion. Fecal excretion of pantothenic acid was 
measured on a group of 9 rats maintained on the 64% casein 
diet and 160—165 days of age. IVlien fasted the fecal panto- 
thenic acid per 24 hours averaged 17.5 Mg (range 9-24). Mlien 
given food the fecal pantothenic acid over a period of 5 days 
averaged 28.2 Mg (I’anee 15—48). The averages for successive 
24- or 48-hour collection periods were 28.2 mt (range 17-34). 
32.9 Mg (range 25-39), and 25.9 m 2.’ (range 1.5-48). The varia- 
tion in fecal excretion for individual rats during these periods 
were as follows: 15-26, 17-28, 18-25, 18-33, 19-36, 24-48, 
2.5-34, 25-3S, and 27-39 or a difference of 7-24 Mg between the 
minimum and maximum values for any individual rat. These 
figures are given to indicate the extreme variability in fecal 
excretion, especially when the animals are given food. This 
marked variability is one reason for pooling fecal samples 
for dietary groups. 

The data given on fecal excretion of pantothenic acid at 
the 2 protein levels do not indicate that increased intestinal 
sjmthesis of the vitamin occurred at the high protein level 
during the first 90 days of age. Although the fecal excretion 
at the high iirotein level increased with age, this may be due 
to the increase in body weight and correspondingly in size of 
cecum (Taylor et ah, 42) rather than to the protein level 
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per se. Tlie data given on urinary excretion clearly sliow an 
increase in vitamin excretion at the high protein level. There 
is, obviouslj’’, no relative decrease in the pantothenic acid 
requirement becaiise oi‘ a decreased vitamin loss by urinary 
excretion on this diet. 

Effect of iiiiermcctiaie protein tercts 

The marked differences in growth, survival and urinary 
excretion at the 2 casein levels, 24% and 64%, suggested the 
desirability of testing the intermediate levels of casein. 
Twelve litters of 21-day-old male rats were divided into 
equivalent groups and placed on the deficient diets containing 
24%, 34%, 44%, 54%, and 64% casein, with corresponding 
decreases in the percentage of sucrose. The rats were observed 
until 150 days of age. Urinary and fecal pantothenic acid 
were measured during the latter half of the experimental 
pei'iod, i.e., the ninth, twelfth, thirteenth and nineteenth weeks 
of the experimental period. 

Growth (fig. 2), survival and urinary pantothenic acid 
(table 2) were proportional to the protein level. In agreement 
with the data on fecal excretion for the 24% and 64% casein 
diets, there was no correlation between fecal pantothenic acid 
and the protein level. The sparing action of high casein diets, 
as judged by growth, survival and urinary excretion of panto- 
thenic acid, was directly proportional to the casein level of 
the deficient diets. 


Analysis of casein 

The marked increase in urinarj'- excretion of pantothenic 
acid by rats maintained on the higher protein levels prompted 
a reexamination of the pantothenic acid content of the casein 
used in the purified diets and of other types of purified caseins. 
jMierobiologieal assays using water extraction (and heat 
sterilization) had previously indicated that 3 types of casein 
prepared in the laboratory, namely acid-washed, ether-ex- 
tracted, and alcohol-extracted caseins, contained insig-nificant 
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amounts of pantothenic acid (0.1 to 0.3 ng per gm ca.'^ein). 
EnzAunatic digestion with clarase revealed the pre.sence of 
considerably greater amounts of “hound'’ pantothenic acid 
in all samples of purified casein tested. The amount varied 
with the type of purification and with ditrereht hatches in 
which the same purification procedure was used, i.e., alcohol- 
extracted casein, 2.8, 1.8, and 1.5 ng per gm; acid-washed 
casein 2.8 and 1.9 |jg; ether-exiracted casein 2.0 and 3.8 ;ig,' 
GrBI casein 3.3 ;ig; and Si\IACO casein 0.9 and 0.7 inr. Each 

• 'I 

Axalue given is the average of 2 to 3 determinations on the 


TAin.E 1 

J^ffcct of dictat'if protein level on pantotUrnic acid excretion and 
survival of deficient rats. 
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1.1-l.S 

11.4 (7) 

4.0-15.4 
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25 

17 

34 

l.S (1C) 

l.G-2.0 

12.4 (lo) 

S.1-10.3 

75 

50 

50 

50 

44 

3.5 (13) 

2.7-3.7 

n.l (14) 

0,7-15.5 

S7 

07 

50 

50 

34 

5.8 (13) 

2.4-G.2 

12.9 (17) 

4.0-15.5 

100 

75 

07 

07 

n4 

C.6 (25) 

3.n-7.5 

12.2 (2C) 

0.0-13.2 

02 

S3 

S3 

S3 

' These 

values are 

the averages 

of determinations carried out 

on 

tlie 

ninth, 


twelfth, thirteenth and nineteenth weeks of the experiment. Twenty-four-hour 
samples were pooled for each dietary group. Xumbers in parentheses refer to the 
number of rats on which the average is based. 

- TJiis value is Iiigher tlian usual because the determinations were carried out 
on the few rats surviving during the later half of the experiment. 

same samtde. These values are approximately hvice as high 
as those reported h}’- Cannon et al. (’45) on similar puri- 
fied caseins (the enzATue used by Cannon is not specified) but 
the A'ariability betAveen different batches of casein and slight 
variations in the purification procedure Avould be sufficient to 
explain the differences. The presence of pantothenic acid in 
a “bound” or combined state in many biological materials 
and methods for releasing the vitamin from the combined 
state have been reported by several iiiA'estigators (Penning- 
ton, Snell and Williams, ’40; Waisman et ah, ’42; Wright, 
’43). It may be mentioned that enzymatic digestion of urine 
and feces did, not increase the pantothenic acid values so that 
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presumably all pantothenic acid excreted by the rat is in a 
“free” or uncombined state. 

Effect of 24 % casein diets supplemented with 
low levels of pantothenic acid 

Since a purified casein ' free of pantothenic acid was not 
available, low levels of pantothenic acid equivalent to or 
greater than the amount contained in the casein of the high 
protein diets, were added to the 24% casein diet. - All diets 
were prepared froni 1 batch of casein and 4 dift’erent analyses 
(with and without ether extraction) were carried out on each 
diet. Three casein levels (24%, 44% and 64%) were used 
and in addition 2 supplemented diets containing 24% casein. 
One supplemented diet contained slightly more pantothenic 
acid than either of the 2 higher protein diets ; the other con- 
tained twice as much pantothenic acid as the 44% casein diet 
and slightly less than twice as much as the 64% casein diet. 
The diets together with their pantothenic acid content are 
as follows : 24% casein diet containing 0..3 |jg pantothenic acid 
per gm diet; 2 supplemented diets, 24% casein, with 0.9 and 
1.4 gg, respectively: 44% casein diet, 0.7 gg: and 64% casein 
diet, 0.8 gg. 

Five litters of 21-day-old male rats were used and observed 
until 120 days of age. Frinary and fecal excretion of panto- 
thenic acid was measured at intervals throughout the entire 
experimental period, i.e., second, fifth, ninth, twelfth and 
fifteenth weeks. 

The data in table .3 show, as expected, that growth ® and 
urinary excretion of pantothenic acid by rats maintained on 

• Recent studies have indicated the possibilitv of freeing b'ef blood fibrin from 
traces of pantothenie acid by washing with water or dilute acid. Further 
ovpcrimcnts nre in progress, 

" The groups in this experiment were too small (5 rats per group) to obtain 
much sicrnificant data on survival. It may be noted that all other experimental 
groups reported ha\c contained lO-lo rats per group. 1009^- of the animals sur- 
\ived 00 days on the 04 9^ ca‘!ein diet and on the corresponding casein 

supplemented diet (0.9 ^g per gm diet); GO^r of the animals survived the same 
period in the remainder of the groups. 



200 


MAIlJOIilE M. NELSON AND OTHERS 


tlie 24% casein diets witli or witliout supplements were pro- 
portional to the pantothenic acid content of the diet. This 
is in agi'eemcnt witli the studies of Henderson et al, (’42). 
However, growth and urinaiy pantotlienic acid of litterinatcs 
maintained on the higher protein levels (44% ® and 64%) 


TABLE 3 

Effect of dietary protein level and iow let'cJs of pantothenic acid on 
vitamin excretion and (jrou'th of deficient rats, 

EXl'TL. OROUr 

Pa n to tmiXARY ^A^’TOT ir hkio rr oal i»a ktoth ns'i c a v. nooy vrr . — om 
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ACID AfO/RAT/21 IIRS * 

AOro fin/VAT/2 i IIRS * 
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CO 
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MP/em 

diet 

Avorape 

Tlnnpo 

Average 

Knnge 

24 

0.3 

0.7 (14) 

O.G-0.9 

4.4 (14) 

3.2-5.7 

79 

94 

98 

24 

0.9 

l.G (19) 

1.1-2.1 

0.8 (10) 

5.7-8.4 

91 

135 

1G3 

24 

1.4 

1.9 (18) 

0.8-3.9 

5.6 (18) 

3.8-10.9 

95 

144 

191 

44 

0.7 

2.2 (13) 

1.0-2.S 

7.3 (13) 

3.9-10.4 

107 

158 

185 

G4 

0.8 

4.5 (25) 

3.1-5.9 

10.9 (25) 

C.1-19.9 

112 

170 

200 


‘ Values are averages for determinations carried out on the second, fifth, ninth, 
twelfth and fifteenth weeks of the expcrinient. Twenty-four-hour samples were 
pooled for each dietary group, Numbers in parentheses refer to the number of 
rats on which the average is based. 


were markedly greater than on the 24% casein diet Avith the 
corresponding pantothenic acid content (0.9 ag per gm diet). 
When the pantothenic acid content of the 24% casein diet 
was double or practically double that of the higher protein 
levels, growth and urinary pantothenic acid were appro.vi- 
mately equal to that produced by the 44% casein diet but 
were still not equivalent to the results obtained Avith the 
64% casein diet. Therefore, it was concluded that the panto- 
thenic acid content of the casein used in the purified deficient 
diets does not account for all of the sparing action of the 

® It may be mentioned that every weekly determination of urinary pantothenic 
acid for rats maintained on the 44% casein diet W'as higher than the value obtained 
from the corresponding 24% casein supplemented diet (0.9 /^g per gm diet). 
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liigli casein diets, although it is responsible for part of the 
protective action observed. 

In regard to fecal excretion of pantothenic acid, the 
averages showed an apparent increase proportional to the 
casein level. This was not considered significant in view of 
the marked variability in fecal excretion (see fig. 1). The 
tendency of the fecal excretion to increase with age on the 
high protein levels may or may not result in an increased 
average value (compare tables 2 and 3). 

DISCUSSION ■ 

The data reported in this paper indicate that neither in- 
creased intestinal synthesis as measured by fecal excretion 
nor a decreased vitamin loss by urinary excretion are 
responsible for the sparing action of high casein diets on the 
pantothenic acid requirement of the rat. Furthermore, the 
pantothenic acid content of the cnsein used in the purified 
diet, while exercising an effect, cannot account for the pro- 
tective action of such diets. Therefore, it would appear that 
there is a real decrease in the pantothenic acid requirement 
of the rat when higher protein intake occurs. 

It is, of course, possible that some component of casein may 
replace or be converted to pantothenic acid in the body in a 
manner similar to the tryptophane-niacin interrelationship 
(Krehl et ah, ’46). This would explain the increased urinary 
excretion of pantothenic acid on the high casein diets. It is 
also possible that this increased urinary pantothenic acid ex- 
cretion may be merely a reflection of the increased food intake 
on such diets, an increase caused by some factor (s) concerned 
in the efficient utilization of pantothenic acid. Such a factor 
might be a known or unknown component of casein as previ- 
ously suggested (ISTelson and Evans, ’45), e.g., amino acids, 
phosphorus, or unlmown factors similar in their action to 
biotin and folic acid which are reported (Wright and Welch, 
’43, ’44) to be necessary for pantothenic acid utilization. It 
has also been suggested recently (Wright and Welch, ’46) 
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that the necessity of a protein substrate for pantollienic acid 
combination in blood and tissues may explain the sparing 
action of high protein diets. On the other hand, the observed 
sparing action may actually be due to the decreased level of 
carbohydrate metabolisni. Further investigations of these 
possibilities are in progress. 

SUMMAIfY 

Studies of urinary and fecal excretion of pantothenic acid 
by deficient rats maintained on purified diets dift’ering in 
casein level gave the following results: 

1. Urinary pantothenic acid excretion was significantly 
higher on diets containing G4% casein than on diets con- 
taining 24% casein and paralleled the increased growth and 
survival observed at the higher protein level. Urinary excre- 
tion increased with age on the 64% casein diet. 

2. Fecal pantothenic acid excretion was higher when I'ats 
were fed than when they were fasted and was notable for its 
variability. Dui’ing the first .90 days there was no significant 
difference in fecal excretion, regardless of the casein level. 
With increasing age and body weight there v^as a tendency 
for fecal output to increase on the higher protein level. 

3. When intermediate levels of casein were used, growth, 
survival and urinary pantothenic acid (but not fecal isanto- 
thenic acid) were proportional to the casein level. 

4. When low levels of pantothenic acid equivalent to that 
present in the high casein diets (by microbiological assay) 
were added to the 24% casein diet, growth and urinary panto- 
thenic acid were not equal to those observed on the higher 
casein diets. When approximately double the equivalent 
amount of pantothenic acid was added to the 24% casein diets, 
tlie results were equivalent to those observed at the 44% 
casein level but were still not equal to those at the 64% casein 
level. 

Neither increased intestinal sAmthesis of pantothenic acid 
as measured by fecal excretion nor a decreased vitamin loss 
by urinary excretion are responsible for the sparing action 
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of Mgli casciii diets on the pantothenic acid re(]nircment of the 
rat. "rhe pantothenic acid content of the casein nsed in the 
purified diet while exercising an effect can not fully account 
for the protective action of such diets. 
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The relation of tocopherols or vitamin E to vitamin A 
utilization vras first reported by Moore ( ’40) after he ohsei*ved 
that a lack of adequate vitamin E in the diet of rats receiving 
vitamin A supplements was associated with low reserves of 
vitamin A in the liver. Results of studies carried out the 
following year in cooperation with Davies (Davies and Moore, 
’41) showed that in the livers of rats maintained on a diet 
deficient in both vitamins A and E, the vitamin A store dis- 
appeared much more rapidly than did that from livers of 
animals .receiving dl-a-tocopherols. It was pointed out by 
these authors that the tocopherols had been used in vitro for 
stabilizing solutions of vitamin A in fats and that these sub- 
stances might possibly exert a similar effect in vivo. The 
inter-relationship of vitamins A and E was subsequently 
studied by Bacharach (’40), Sherman (’41), Quackenbush 
et al. (’42), Hickman et al. (’42, ’44), Gruggenheim (’44), 
Harris et al. (’44), Popper and Volk (’44), Gridgeman (’44), 
Sanders et al. (’44), Dattatreva Eao (’45) and Kemmerer 
ctal. (’47). 

The object of the work presented in this paper was to 
investigate further the covitamin activity of tocopherols as it 

mntcrial tvas presented at the American Chemical Societv Afeeting, Sep- 
tember, at CTiicago, Bl, 
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is refieeted in increased gTOAvth and in ilio slorage of vita- 
min A in tlie livers of rats. Tliese experiments have been 
designed to test previous findings reported concerning vita- 
mins A-E synergy and to gain additional information regard- 
ing the mode of action of vitamin E. More specifically the 
objectives of this study are: (1) to determine the effect of 
tocoiiherols on the growth response to vitamin A: (2) to in- 
ve.stigate the influence of the tocopherol content of the diet on 
the growth obtained with the U.S.P. bioassay procedure for 
vitamin A; (.3) to determine whether increasing amounts of 
vitamin A will compensate for a lack of vitamin E; (4) to 
observe the eovitamin activity of tocopherols administered 
with vitamin A at different intervals of time and by various 
methods; (5) to investigate tlie effect of tocoplierols on the 
stoi’age of vitamin A in the liver of the rat when given in 
combination with vitamin A to animals subsisting on a vita- 
min A-E deficient diet. 


PEOCEDUKE 

The general procedure involved in these exiieriments is out- 
lined below and all deviations from this procedure will be 
discussed in detail in separate sections under “Results.” 

In order to observe the effect of tocopherols on vitamin A 
it was first necessary to maintain the experimental animals 
on diets deficient in both vitamins until the animals showed 
signs of vitamin A deficiency as manifested by declining 
weight. The standard U.S.P. diet for vitamin A bioassay Avas 
used Avitb the following modifications: (1) Jones and Foster 
(’42) salt mixture was substituted for that described in the 
Pharmacopoeia; (2) 6 U.S.P. units of vitamin D (irradiated 
ergosterol) per gram of ration were added and (3) the yeast 
and starch were washed with acetone. The type of vegetable 
oil Avas A’aried; diet 1 contained olive oil, diet 2 cottonseed oil 
and diet 3 corn oil. The tocopherols Avere eliminated from the 
diet by substituting olive oil for cottonseed or corn oil. To 
be cei'tain that the ration containing olive oil aa^s deficient in 
vitamin E, groups of males and females AA^ere raised to 
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jiaturity on this diet and mated. No litter-s were born, where- 
as, a comparable group of rats raised on a similar ration, 
supplemented with 0.3 mg daily of mixed tocopherols cast and 
reared normal litters. The same lot of olive oil was used 
throughout the experiment. 

Weanling rats, distributed aiiproximately in equal numbers 
according to sex (unless otherwise stated), age, and weight, 
were maintained on diet 1 in air conditioned quarters {75°F., 
40% relative humidity). When their weights remained sta- 
tionary or declined for a period of 7 successive days the rats 
Avere considered to be depleted of their A'itamin A reseiwes. 
This required from 25 to 35 days. The rats were then diA'ided 
into experimental groups and treated Avith various supple- 
ments for a 28-day test period. The oil diluent employed in 
administering the A'itamin A and mixed tocopherols was the 
same as that used in the ration; either olive, cottonseed or 
coim oil. The supplements were made fresh each week and 
stored under COo in the refrigerator when not in use. 

It has been reported that the vitamin B content of oils 
A-aries Avidely (Sherman, ’41; Dattatreyo Kao, ’45) and in 
consequence an etfort was made to ascertain the effect of this 
variation on groAvth. Whenever a Autamin A supplement was 
used, it Avas either the U.S.P. Keference Oil II or a vitamin A 
distillate - (no. 78794) diluted in olb'e oil. The vitamin E 
supplement Avas a mixture of natural tocopherols.- With 2 
exceptions all Autamin E supplements were given in 1 of the 
A'egetable oils and administered orally. In 1 experiment 
described in Section I, the tocopherols were first dissolved in 
cottonseed oil and then incorporated in the diet. In another 
experiment AA'here the Antamin was administered by injection 
(Section III) the tocopherols were solubilized Avith “Tween 
20 ” ® and gh-en in an aqueous solution. 


• Obtained from Distillation Products, Rochester, X. Y. 

* Obtained from Atlas Powder Company, Wilmington, Delaware. Twelve gm 
of “Tween 20“ were mixed with 970 mg of a 31$^ solution of natural mixed 
tocopherols concentrate and made to a volume of 100 ml with distilled water. 
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liKSULTS 

/. The sxipplcmeniary action of iocoplierols when 
aihninisiered to vitamin A depleted rats receiving 
the U.S.P. Reference cod liver oil 

The animals receiving- diet I (table 1) without the addition 
of tocopherols, made an average increase in weight of 16 gm 
as compared with the 29 gm for a comijarahle group receiving 
the tocopherol supplement. This indicates that under the 
conditions of the experiment, tocopherols were necessaiy for 
optimum utilization of vitamin A. It was also noted that 
variable responses were obtained when the cottonseed oil diet 
(diet II) was used. The data show that the supplementing 

TABLE 1 

Thr siippJf mmtnri/ effect of tocopherols othlcd to olive^ cot tou seed and corn oils 
on the prowtli response of vitaniiu A depicted rats recch'inn 
I’.S.P. lie fere nee cod Jix'cr oil. 


GROUP 

KO. 

NO 

RATS 

DTI T 

NO 

Ti'PK or 
vkoetadia: 

TOCOPHKROI. RFrnRrNrK 
*5UPPDrMrNT * COD I.IVKR 
Olli 

W'MOIIT GAIN 

I.V 2P D VYS 

1 

12 

I 

Olive oil 

v\p/rat/(loif vnttM/fJap 
2.0 1 

fftn 

16 ±: 3.9 » 

- 

14 

I 

Olive oil 

0.02.") 2,04 

20 ± 4.0 

• 

17 

II 

Cottonseed 
oil lot I * 

2.04 

34 ± .1 .1 

4 

13 

11 

Cottonseed 
oil lot I ' 

0.02.1 2.04 

35 ± 3.9 

5 

22 

II 

Cottonseed 
oil lot II * 

2.04 

34 ± 3.2 

f) 

16 

II 

Cottonseed 
oil lot II " 

0.3 (per 

10 grams 
ration) 2.04 

46 ± 3.6 

7 

21 

III 

Corn oil 

2.04 

41 ± 3.4 

8 

20 

III 

Corn oil 

0.3 2.04 

44 ± 3.3 


* Administered in terms of mixed tocopherol content. 

’ Two different lots of cotton^jced oil were used in these studies. 
^ Standard enor. 
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of diet II Avitli 0.025 mg per day of locopiierols failed to 
increase the growth promoted by the vitamin A supplement 
although the addition of 0.3 mg of the vitamin per 10 gm of 
a similar ration containing another lot (lot 11) of cottonseed 
oil did measurably increase the weight response. From the 
similarity in growth responses of the animals receiving the 
ration nnsupplemented "with tocopherol in which 2 different 
lots of cottonseed oil were used (gi’oups 3 and 5) it seems 
probable that the- 2 samples of oil contained equal amounts 
of tocopherols, although the amount available was inadequate. 
If the data at hand justify a comparison of the 2 lots of oil, 
it may be postulated that the 0.025 mg supplement of toco- 
pherol was insufficient and that 0.3 mg were required for a 
further increase in growth. It should be pointed out that 
tocopherols incorporated in the ration (group 6) measurably 
increased the response to vitamin A although Hickman and 
associates (’42, ’44) have stated that the synergistic effect of 
vitamin B is more significant when fed separately. 

^len the corn oil diet was used, the addition of tocopherols 
had. little effect on the response to vitamin A indicating that 
the com oil contained an adequate amount of tocopherols. 

These data show that there is sufficient variation in the 
tocopherol content of different types of vegetable oils to affect 
the rate of growth of test animals during the usual vitamin A 
assay and therefore this factor should be considered in the 
standard IJ.S.P. vitamin A assay. The data confinn recent 
evidence that dietary supplementation with an adequate 
amount of tocopherol is necessary in order to secure maximum 
weight response to a given dose of vitamin A (Hickman et ah, 
’44; Sanders et ah, ’44; Dattatreya Eao, ’45). 

77. The effect of tocopherols on the groicth response 
of vitamin A depleted rats when given increasing 
amounts of vitamin A 

Prior to the 28-day treatment period all rats were main- 
tained on diet I containing olive oil until depleted of vitamin 
A. Tlic diet was unchanged during the subsequent growth test 
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except in the case of animals receiving daily oral supplements 
as indicated in table 2. One series of test animals was fed 
tocopherols orally at a level of 0.3 mg per day, tlie supi)lcment 
being in combination with increasing amounts of vitamin .A. 
The rats of the second series received comparable amounts of 
the vitamin A supplement without added tocopherol. The data 
show that the presence of tocopherols increased the growth re-' 
spouse of rnis io vitamin A within certain limits. The.se data 
also show that as the vitamin A intake was raised above 
4.08 units per day, the covitamin E activity was no longer 


TABLE 2 

T/ir c//rci of iocopheroh oh ihr prowth r€ft}yo)\s€ of dt'plvtcd mf.S 

when piven incrcaMnp amovnis of vitamin A, 


SUPPJiKMK-NT 

SVITU TUCOV5ir,IlOI.R 

0.3 Mn/pAV/liAT 

WITHOUT TOCornrKOi.s 

vitamin a 

Vo rnts r^cpoiiRi' 

in28dftyfi 

No, rntfi 

Weight 

in 28 davF 

\nntg/tlay ' 


ffin 


pm 

0 

11 

— 9 

17 

— 10 


19 

-f- 43 ± 3.3 ' 

17 

-f 32 2: 5.6 - 

4.0S 

20 

A‘0G± 3.0 

23 

-f 54 2.5 

8.1G 

20 

-f 79 5.0 

CJ 

+ 84 :t: 4.5 

IG.32 

20 

+ SG ± 4.1 

21 

-f 87 5.S 

32.64 

19 

-f 04 i: G.O 

22 

“h 07 2; 7.0 


' T1k» supplements wore diluted in olive oil. 
= Stnudard error. 


apparent. If it is assumed that tocopherols have a similar 
effect on carotene and vitamin A, then these data indirectly 
support tJie statement of Harris, Kaley and Hickman (’44) 
that “small quantities of tocopherol are sjmergistic with 
small and moderate intakes of carotene. . . . There is a 
definite ratio between carotene and tocopherol intakes ; so that 
the potency of larger quantities of carotene benefits from 
increased quantities of tocopherol.” In order to show 
optimum utilization of large amounts of vitamin A it may be 
necessary to raise the level of vitamin E or use some criterion 
other than growth. 
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III. The effect of iocophcrols and vitamin A 
administered at various time- intervals to 
vitamin A depleted rats 

A state of vitamin A depletion was produced in all animals 
by feeding the U.S.P. diet containing olive oil (diet I). The 
test animals were then divided into experimental groups and 
treated for a 2S-day period with equal doses of tocopherols 
and similar levels of vitamin A administered as indicated in 

table 3 


The si/nergisiic effect of tocopherols and vitamin A administered at various 
time intervals to vitamin A depleted rats. 


GRorn 

xo. 

TIMKS 

SUPPLESfEXTS ^ 

v'EiGHT G.\rsr 

KO. 

RATS 

PER WEEK 

Tocopherols 

Vitamin A 

2S DAYS 






ffrn 

1 

35 

6 

Isone 

Daily — Oral 

21 3.0 = 

O 

20 

6 

Daily Oral 

Xone 

— 8.5 

3 

37 

6 

Daily Oral 

Daily — Oral 

48 :fi 2.8 

4 

18 

6 

Daily Oral A.M. 

Daily — Oral PM. 

-f- 43 3.1 

5 

18 

3 

Mon., Wed., Fri., 
Oral 

Tues-, Thurs., 

Sat., Oral 

39 If: 3.3 

6 

19 

2 

Wed., Sat., Oral 

Wed., Sat., Oral 

-p 37 4.5 

7 

19 

2 

Wed., Sat., Oral 

Mon., Thurs., Oral 

-h 37 rr 3.7 

S 

57 

6 

Daily — Injected 
(Solubilized 
tocopherol used) 

Daily — Oral 

-f 40 If: 2.4 


'Supplements^ — tocopherols — l.S mg per week; vitamin A — 12.24 units per 
week. This was equivalent to 0.3 mg tocopherols daily and 2.04 units of vitamin A 
daily. 


■ Standard error. 

table 3. With the exception of the aqueous tocopherol used 
for injection (group 8) all supplements were diluted in olive 
oil and given orally. 

Two control gi'oups (1 and 2) were included, the animals 
of 1 group receiving vitamin A only, while those of the other 
group received the tocopherols alone. It may be observed that 
vitamin A promoted some growth in the test animals while 
the animals which were given tocopherols following complete 
deprivation of vitamin A lost weight. The animals of gi-oup 3 
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whicli sorvod as a positive control or as a standard of com- 
parison received orally each day both vitamin supplements 
dissolved together iji olive oil. As would be expected these 
animals responded ■with a maximum gain in weight. 

The mode of treatment Avas modified for the animals of 
gi'oups 4, 5, G and 7 in that although they received the same 
amount of vitamins A and E per wccl:, the interval of admin- 
istration was varied. From the results obtained it appears 
that tocopherols given separately exerted slightly less syn- 
ergistic activity than when gh'cn in combination with vita- 
min A. It should be pointed out, however, that the dilTerence 
involved was too slight to be truly sigTiificant. Hickman et al. 
( ’42, ’44) reported that the synergistic effect of vitamin A and 
E was definitely reduced when they were fed on alternate days 
rather than simultaneously but the observations of these 
authors were made Avhile using somewhat smaller doses of 
the vitamins. 

Daily parenteral injection of an aqueous solution of 
tocopherols with oral administration of vitamin A Avas em- 
ployed AAuth animals of group 8. The aA^erago AA’eight responses 
of the animals receiving this treatment AA^erc slightly loAA’’er 
than optimum but not significantly different from the average 
gain of the groups given both supplements orally. 

The conditions of these experiments liaAm been designed to 
gain additional information concerning the site and mecha- 
nism of covitamin B activity. Both Quackenbush et al. ( ’42) 
and Hickmaii et al. (’44) haA^e postulated that the action of 
tocopherol is a chemical one probably occurring in the gastro- 
intestinal tract, Hiclonan based his conclusion on the reduced 
ssmergism he obserAred Avhen the Autamin and covitamin are 
given at different times or by different routes. The present 
data fail to corroborate these observations, hoAA'ever, and the 
response noted AA^hen tocopherol Avas injected parenterally 
suggests that its supplementary action on Autamin A is not 
confined to the digestive tract. A publication by Popper and 
Volk (’44), iir Avhich it Avas reported that fluorescent micro- 
scopic examination of the rat intestine shoAA'ed no inci’eased 



XOCOPnEROLS AXD VITAMIN* A rXlUEATlON* 


213 


absorption of vitamin A after the administration of toeo- 
pberols, lends indirect support to our findings. It appears 
that the covitamin activity of tocopherol is more extensive 
in scope than has been generally assumed and is not a simple 
chemical reaction limited to the digestive tract. 

IV. The effect of tocoplierols on the storage of 
vitamin A in the liver of the rat 
With the exception of 2 groups of male rats (groups 15 and 
16) which had been included for the purpose of comparison, 
females were used exclusively for the studies on liver storage 
of vitamin A. All experimental animals were provided with 
diet I, the U.S.P. vitamin A-free diet containing olive oil, 
until depleted of vitamin A, The test animals were then 
dhdded into groups and the animals of the respective gi'oups 
were treated as indicated in table 4. In this treatment the 
same diet was continued but a daily supplement of vitamin A 
distillate in olive oil alone or in combination with tocoplierols 
in olive oil was given orally. The daily allowance of toeo- 
pherols was maintained at 0.3 mg but the level of vitamin A 
ranged from 63 to 4,000 TT.S.P. units. The animals comprising 
groups 1-12 were treated for 3 days with daily supplements 
of the vitamin A distillate administered alone to 1 group and 
in combination with tocopherols to a comparable group, the 
vitamin A supplement being increased with each succeeding 
pair of animal groups. After 3 days of vitamin supplementa- 
tion the animals were rested for 1 day and on the fifth day 
were killed by decapitation. The livers from each group of 
vats were weighed, pooled, homogenized in a Waring blendor 
and samples taken for the determination of vitamin A. The 
method used for the estimation of vitamin A in liver tissue 
has been outlined in a previous publication (Lemley, Bro-\vn. 
Bird and Emmett, ’47). 

The results presented in table 4 indicate that the effect of 
tocopherols on the storage of vitamin A in the liver of the 
rat cannot be demonstrated when a short term supplementing 
period is employed. In some instances the animals receiving 
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tocoplierols had slightly larger liver stores of vitamin A than 
those treated with vitamin A alone. For example, those ani- 
mals which had received vitamin A sniiplements of 4,000 units 
daily stored 4,150 nnits of vitamin A, while those receiving 
tocoplierols in addition to this vitamin A supplement were 
found to have an average of 4,480 units in the liver. These 

TVIII.E i 


The effect of tocopherol \nial c on the sioraac of A in the hirr of the rat. 
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520 
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1000 
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14 
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100 
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M 
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GO 

16 
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18 0 

17 

4 
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19 

11 

F 

Sin months 

00 
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20 

10 

F 
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0 3 
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differences are not considered significant, however, since it 
has been reported that large variations in liver reserves of 
vitamin A are found in similar animals receiving identical 
treatments (Bacharach, ’40). 

It should be pointed out that in these studies large doses 
of vitamin A were employed in order to produce appreciable 
liver storage in a short time and that any increase in the 
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livei- content of vitamin A due to the addition of tocopherols 
would be relatively slight. The data in table 4 indicate that 
thei’e is no marked benefit resulting from taking vitamin A 
and E together at doses sufficient to cause vitamin A liver 
storage although there does appear to be a trend toward 
higher liver stores when tocopherols are given with daily 
doses of 1,000 to 4,000 units per day of vitamin A. But, as 
has been mentioned above, these diflPerences are not sig- 
nificant. 

Guggenheim (’44) has recently reported that the daily ad- 
ministration of vitamin E in combination with 100 units of 
vitamin A on 2 successive days increased the liver storage of 
vitamin A. After the vitamin A was given alone he found 
18.5 units per gm of liver tissue but when the same amount of 
vitamin A was fed with 0.1 to 10 mg of tocopherols, the liver 
reserves of vitamin A ranged from 22 to 45 units per gm of 
tissue. In the experiments of this author lower doses of 
vitamin A were used and the effect of tocopherols became 
apparent, although our results indicated that tocopherols 
given with high doses of vitamin A had no noticeable effect 
on liver storage. 

In the later experiments a longer treating period, either 
3 or 6 months, was adopted. After the animals had been 
depleted of vitamin A they were maintained on diet I sup- 
plemented as indicated in table 4. In order to be certain that 
vitamin E was not present in the basal diet, breeding records 
were also kept on representative females from groups 13, 14, 
15 and 16. Six of the females in gi-oup 13 which were being 
fed an olive oil diet unsupplemented with tocopherols became 
pregnant but no litters were cast, thus indicating that re- 
sorption had occurred owing to a lack of vitamin E. Six of 
the 8 females in group 14 receiving daily supplements of 
tocopherols bore noi-mal litters. The breeding records of the 
animals in groups 13 and 15 definitely established the de- 
ficiency of vitamin E in the diet. After the rats had undei-o-one 
treatment for 3 months they were killed and the livers were 
assayed for vitamin A, the livers from the 2 gi-oups of males 
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(gi’oups 15 and 16) being similarly assayed. It ^vas thought 
that pregnancy and lactation might affect the vitamin A 
storage ability of the females but when their liver reserves 
were determined and compared with those of males, similar 
vitamin values were noted. In consequence it was assumed 
that although these animals had previously been used for 
breeding experiments the storage of vitamin A in their livers 
was a reliable indication of the effect of tocopherol treatment. 
Prom the results reported in table 4 it can be seen that the 
females depleted of tocopherols (group 13) stored an average 
of 718 units of vitamin A while the females of group 14, which 
had received the tocopherols, stored 1,228 units and likewise 
the addition of tocopherols to the diet of male rats raised 
the liver content of vitamin A from 495 to 1,360 units. It 
was, therefore, concluded that the daily administration of 
0.3 mg of tocopherols over an extended period (3 months) 
increased the liver storage resulting from a daily intake of 
100 units of vitamin A. 

The storage of vitamin A in the livers of the rats was also 
determined after feeding a daily supplement of 100 or 200 
units of vitamin A alone or combined with 0.3 mg of toco- 
plierols for a period of 6 months. The effect of tocopherols 
feeding on the storage of vitamin A is evident when one com- 
pares the average liver storage of 2,270 units as reported for 
the animals of group 17 on vitamin E deficient diet with a 
storage of 3,400 units as found for the animals of group 18 
which had received the tocopherol supplement. Similar re- 
sults were obtained -Avhen the vitamin A intake was raised to 
200 units daily. The data presented in table 4 show that 
animals treated for 6 months stored approximately 3 times 
as much vitamin A in their livers as did similar animals which 
had been treated for only 3 months. This increase occurred 
irrespective of tocopherol supplementation and the effect of 
tocopherols on the liver storage was somewhat less significant 
at the end of the 6-month feeding period than it had been at 
the end of the 3-month period. It may also be noted that the 
increase in liver storage promoted by the inclusion of 
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tocoplierols was less when a daily level of 200 units of vita- 
min A was given than when the previously mentioned 100-unit 
daily supplement was employed. In other words, in these 
experhnents the favorable effect of tocopherols on the storage 
of vitamin A in the liver of the rat was diminished by extend- 
ing the supplementing period and by raising the daily intake 
of vitamin A. It is probable that the covitamin activity of 
tocopherols would have been more pronounced if smaller 
quantities of vitamin A had been employed, as Hickman et al. 
(’ 44 ) have stated that the A-E synergism is more active at 
lower doses of vitamin A. 

These experiments confirm the previous reports of Moore 
( ’40) and Bacharach ( ’40) that tocopherols increase the 
storage of vitamin A in the liver of the rat when treated for 
long periods; however, we have been unable to demonstrate 
any effect of tocopherols when the rats are treated with vita- 
min A for only 3 days. 


STTimAET 

1. Growth studies indicated that when vitamin A was fed 
at a daily level of 2.04 units to rats receiving a vitamin A-B 
free diet, the addition of tocopherols caused a further increase 
ill weight. 

2. Variable growth responses to comparable supplements 
of vitamin A were obtained when different types of vegetable 
oil were included in the H.S.P. vitamin A free diet. VTlien 
the U.S.P. diet containing either olive or cottonseed oil was 
used, daily feeding of 0.3 mg of tocopherols increased the 
weight gain promoted by a vitamin A supplement but the 
addition of tocopherols to a com oil diet had no effect on the 
growth of rats receiving vitamin A. 

3. The supplementary effect of tocopherol administration 
on growth was apparent when vitamin A was fed at low levels 
but this effect gradually disappeared with an increasing in- 
take of vitamm A. 

4. ^ Tocopherols exerted a snpplementaiy effect on vitamin A 
utilization whether the vitamin A and tocopherols were given 



218 


JANET ST. EEIMEEY ANP OTIIKHS 


together or on sc])arato days. A water sohible preparation of 
tocopherols administered liy injection was also shown to in- 
crease tlie growth response to vitamin A. 

5. The storage of vitamin A in the liver of the rat was in- 
creased when tocopherols were given with vitamin A foi‘ an 
extended period. 
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FoUoAving the discovery by Elvebjem, IMadden, Strong and 
"Woolley (’38) that niacin could cure canine blacktongue, tbe 
counterpart of human pellagra, this vitamin has been used 
extensively to treat pellagra and associated deficiency states 
in human beings. Since niacinamide is a component of 
coenzymes I and II, it has been generally assumed that its 
metabolism is closely associated ivitb tissue respiratory mech- 
anisms involving these pyridine nucleotides. 

Hamilton and Hogan (’44) found that niacin and choline 
were necessaiy for successful lactation in the hamster but 
little has been done to test any possibility of a relationship 
between niacin metabolism and lactation. In efforts to expand 
available knowledge of the composition of human milk and 
the metabolism of women during the reproductive cycle, rve 
have detemiined the amounts of niacin in the 24-hour intakes 
of food, secretions of milk and excretions of urine by healthy 
mothers who were successfully nursing their infants. 

* The imestipntion represented in part by this paper nas partially supported bv 
a grant from The Xutrition Foundation, Inc., and rras made possible by tbe co- 
operation of J. P. Pratt, Cliief of the Department of Obstetrics; B. M. Hamil 
Department of Pediatries; Elizabeth Moran, Director of Xurses, and Annie 
Lon Wertz, dietitian, all of the Henry Ford Hospital, Detroit. 

- Now professor, Department of Biochemistry, Cornell UniTer^ity. Ithaca, X. Y 
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PROCEDURE 

Niacin intake, secretion in milk and excretion in urine 
were studied with 7 healthy nursing mothers during the first 
10 days postpartum and with 9 women during iieriods of 5 
consecutive days 2 to 10 months postioartuin. Earlier papei’S 
have presented the organization of the stud}’' (!Macy, Williams, 
Pratt and Ilamil, ’45) the method of manual expression used 
in collecting the complete 24-hour secretions of milk (Davies, 
’45), the diets and preparations of the food and milk (Kau- 
chei’, Moyer, Eichards, Williams, Wertz and jMacy, ’45), 
urine (Eoderuck, Williams ajid ]\Iacy, ’4G), and the concen- 
tration of niacin in immature and mature Innnan milk 
(Coryell, Harris, ^lillor, Williams and Macy, ’45). 

METHODS 

The preparation of the milk samples for assay and the 
microbiological procedure employing Lactobacillus arahiuosus 
have been described (Coryell et ah, ’45). 

In each 5-day period of study all subjects received diets 
comparable in food distribution but adjusted in level so that 
the appetites of the women were satisfied. Aliquots of- each 
serving of ever}’ food eaten diiring a 5-day period Avere 
collected, combined, ground and thoroughly mixed. For the 
analyses for niacin, pantothenic acid and biotiTi,-' a 400-gm 
quantity of the food composite was homogenized in a Waring 
Blendor, transferred quantitatively to a 500-ml Amlumetric 
flask and diluted to volume. Duplicate aliquots (5 ml) were 
pipetted into 250 ml Erlenmeyer flasks, 50 ml of 2 N sulfuric 
acid added to each flask and the mixtures autoclaved for 3 
hours at 15 pounds pressure. After cooling, the contents 
were brought to pH 5.0 with sodium hydroxide, diluted to 
500 ml with distilled Avater, and filtered tlirongli Whatman 
no. 42 paper. The dilution of the filtrate Avas made 1 : 200 or 
1 : 250 before assay. Quantities of 1, 2, 3, 4 and 5 ml of the 
diluted filtrates, in duplicate, Avere placed in 10 assay tubes 

’ Papers presenting the results for biotin and pantothenic acid are being 
prepared. 
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and standard amounts of basal medium added. After auto- 
claving tbe tubes were inoculated, incubated, and tbe growths 
measured turbidimetrically and titrimetrically as described 
for milk. 

Control experiments with tbe food composites showed that 
hydrolysis with hydrochloric or sulfuric acids of 1 N or more 
gave maximum niacin values, that is, values equivalent to 
those obtained with alkali hydrolysis. Krehl and Strong ( ’44) 
and Krehl, Elvehjem and Strong ( ’44) have shown the pres- 
ence of a naturally occurring precursor of niacin in certain 
biological materials, notably cereals, which is apparently 
utilized by the animal organism but not by L. arahinosiis. 
However, the question of its complete utilization by the 
animal organism is controversial. This precursor, presumably 
an alkyl ester of niacin, is labile to allvali or strong acids but 
not appreciably to weak acids (0.1 N). With the food com- 
posites analyzed, autoclaving with 0.1 N hydrochloric acid 
for 30 minutes gave values which averaged 9% lower than 
those obtained after autoclaving with 1 N or stronger acids 
for the same time. Since the use of 2 N sulfuric acid for 3 
hours was found to be optimum for the release of bound biotin^ 
and gave values for niacin identical with those obtained 
using 1 N acid for 30 minutes, the hydrolysis with stronger 
acid was used in the determination of both vitamins. Sodium 
hydroxide was employed to neutralize the sulfuric acid, since 
the values were fouud not to differ from those obtained 
using barium hydroxide. 

Aliquots of the 24-hour collections of urine were filtered 
and the pH adjusted to 6.5 to 7.0 then diluted to suitable 
concentrations, usually 1 : 20, and assayed by the micro- 
biological procedure described for milk. The values ob- 
tained by this method represent niacin, niacinamide, and 
any nicotinuric acid present. As with the milk, no attempt 
was made to differentiate between these 3 metabolites in the 
urine. 


^Soc footnote 3, p. 220. 
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Knowledge concerning llie lluoresceni nicotinic acid metabo- 
lite in the urine, noted in 1940 by Najjar and Wood and in 
1943 designated as Fo, was limited until HutT and Perlzweig 
(’43a) isolated N'-metbylnicotinamide chloride'"' from urine 
and identified it as “Fo” or its immediate precursor. Semi- 
quantitative values for N'-methylnicotinamide in urine were 
obtained for 14 5-day periods l)y a method similar to that 
of Huff and Perlzweig ( ’43b), in conjunction with thiamine 
deteraiinations which have been published (Roderuek, AVil- 
liams and Maey, ’45, ’46). The blank employed was the sulfite 
blank of IMason and Williams (’42). Tlie eluate Avas treated 
with alkaline ferricyanide according to the thiochrome pro- 
cedure. According to Najjar and Ketron (’44) the sulfite 
destroys some “Fn” and the ferricyanide converts “F...” (a 
pyridine derivative) into pyridmie, which possesses only 21% 
of the original fluorescence. Control experiments shoAved the 
destruction of N'-methylnicotinamide by the .sxdfitc to he 
rather A'ariahle, averaging 23%. The decrease in fluorescence 
as a result of ferricyanide treatment Avas uniform, averaging 
76%, Avhether standard solutions of N'-methylnicotinamide or 
urine samples preA’iously treated Avith sulfite Avere employed. 
If an aA’’erage of 23% of the N'-methylnicotinamide in the 
urine Avas destroyed by the sulfite treatment and of tlie 
remaining 77% only 24% of the resulting fluorescence re- 
mained after ferricyanide treatment, the values obtained for 
N'-metliylnicofinamide in the urine, using the sulfite, are 
19% loAver than Avith those Avhich AA’ould he obtained using 
the more commonly employed Avater blank. Since this Avork 
AA-as completed a more reliable method of analysis has been 
published bj^ Huff and PerlzAA'eig (’47). 

RESUETS AND DISCUSSIOX 

The volumes of milk and urine collected each 24 hours 
during the first 10 days postpartum and theii- niacin contents 
are gWen in table 1. Values for N'-methylnicotinamide in 

' Tho N**niethylnicotinamidc chloride against which the quinine sulfate solu- 
tions were standardized 'was provided by Dr. W. A. Perlzweig, Duke University 
Medical School, Durham, N. C. 



table 1 

A’lacin excrciion in urine and secretion in milk during first 10 days poslpari 


INTKRVAIi , 
POSTrARTUXi 


VOL.VMr.S 


niacin 


ililk 


Crinc 


Milk 


K*>MKTnYL- 
NICOTIKAMIDR 

Urine entoniDK 


INTERVAL 

POST* 

PARTUXf 


Milk 


Urine 


datjs 


ml 


ml 


mff 


mff 


dnijs 


ml 


ml 


Subject : V.L. 


1 

30 1T57 

0,04 

1.23 

1.4 

.•> 

56 2686 

0.04 

1.26 


3 

353 2759 

0.22 

1.33 

1.6 

4 

794 1823 

0.41 

1,48 

1.2 

5 

84-1 1847 

0.50 

1.41 

1.8 

6 

955 2710 

0.64 

1.21 

2.6 

7 

1047 2841 

0.83 

1.45 

1.8- 

S 

1098 2066 

1.24 

1.15 

4.1 

9 

Ills 2151 

1.53 

1.64 

2.S 

10 

1200 1669 

2.06 

1.47 

1.6 


Subject : 

V.S. 



1 

6 1869 


0.97 

1.7 

»■> 

92 1874 

0.07 

0.88 

1.1 

3 

420 2887 

0.24 

0.86 

3.7 

4 

600 2063 

0.38 

0.83 

1.9 

5 

697 2065 

0.51 

0.92 

4.5 

6 

756 1502 

0.77 

0.67 

3.1 

7 

818 2524 

1.25 

0.92 

2.0 

8 

837 2237 

1.82 

0.73 

2.1 

9 

932 1984 

2.38 

0.78 

2.7 

10 

924 2287 

2.78 

0.68 

1.7 


Subject 

: L.F. 



1 

71 2590 

0.05 

1.32 


o 

200 1275 

0.12 

0.94 


3 

733 2420 

0.66 

1.31 


4 

1122 2075 

0.85 

1.12 


5 

1441 1674 

1.21 

1.12 


6 

1501 1718 

1.56 

1.23 


7 

1596 1340 

2.42 

1.18 


8 

1638 1810 

3.44 

1.25 


9 

1676 1374 

4.47 

0.44 


10 

1872 2220 

5.69 

1.31 



Subject 

:: V.G. 



1 

82 2067 

0.07 

0.69 


o 

177 1689 

0.11 

0.72 


3 

849 1775 

0.49 

0.78 


4 

1413 132.3 

0.82 

0.66 


.i 

1471 1303 

0.81 

0.83 


G 

1782 1148 

1.07 

0.71 


7 

1630 1230 

1.28 

0.71 


8 

1895 1237 

2.02 

0.68 


9 

1828 1104 

2.56 

0.61 


10 

1770 1075 

2.79 

0.63 



* The first dny postpartum ivas variable to the extent of 
(lifTerences in the times at 'which the women delivered. For 
subjects delivered after 12 m. the first dav began the follow- 
ing morning. The first day for C.O. was‘22 hours; for L.F. 
23. n hours. ^ .0. vas delivered 8 hours before the beginning 
of the first dny postpartum; V.K. 17 hours; V.L. ry hours; 
.l.M. IG hours; and V.S. 7 hours. 


Subject: V.K 


1 

9 

30S6 

2 

90 

3651 

3 

484 

2596 

4 . 

547 

2427 

,5 

560 

2331 

6 

663 

2249 

7 

781 

3380 

8 

775 

3840 

9 

794 

3115 

10 

797 

3328 


Subject: J.!M 

1 

35 

2182 

o 

385 

1386 

3 

870 

1519 

4 

1011 

1201 

5 

1121 

1283 

6 

1125 

1172 

7 

1287 

1161 

8 

1136 

1520 

9 

1258 


10 

1336 

1553 


Subject: C.< 

1 

16 

1864 

2 

100 

939 

3 

335 

1511 

4 

595 


5 

725 


6 

821 


7 

798 

1470 

8 

950 

1127 

9 

931 

1191 

10 

660 



Subject: 

9 

1189 

1035 


Subject: E.‘ 

8 

688 

677 



Subject: 

7 

880 

1355 



Subject: G. 

7 

1017 

1981 



Subject: F. 


’ 953 1032 
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the mine of 2 ^vomon during the puerperinm also are given 
in table 1. For each 5-day period of study table 2 presents 
the average daily energy intake, milk and urine volumes, and 
the amounts of niacin in food intake, in the milk and in the 
urine. The amounts of N^-methylnicotinamide determined in 
urine during ceiiain periods are also included in table 2. 
For intake of niacin both the values obtained by hydrolysis 
with weak acid, and those for niacin plus its precursor, ob- 
tained by hydrolysis with strong acid, are given in the table. 

The food eaten by the mothers during the first 10 days 
postpartum provided averages for the 5-day periods of 13 
to 22 mg of niacin and its precursor per day. The rapid 
increases in the amounts of niacin secreted daily in milk 
portray both the increases in concentration (Coryell, Harris, 
Miller, Williams and jNfacj^ ’45) and volume dmlng the 
puerperinm. Niacin in the urine varied from day to day for 
the individual women but each subject seemed to have a 
characteristic level of excretion. During the puerperinm 
neither secretion in milk nor excretion in urine show relation- 
ship with intake; nor do the daily amounts of niacin in 
urine show a relationship to the volumes of urine or milk, or 
the quantity of the vitamin in the milk. 

For all of the women studied, during the puerperinm and 
while they were secreting mature milk, the average daily 
intakes of niacin and its precursor during the 5-day periods 
ranged from 13.0 to 23.4 mg as determined for the food eaten, 
and the energy’- intakes ranged from 2256 to 3559 cal. per day, 
thus the niacin intakes per 1000 cal. ranged from 5.0 to 7.8 mg. 
The values for niacin in milk (table 2) show a general re- 
lationship to milk volume rather than to intake and illustrate 
the wide range of normal variation in the composition of 
human milk from different mothers and from the same 
mother at different times. Greater amounts of niacin were 
excreted in the urine during the 2 5-day periods immediately 
postpartum than during periods later in lactation. 

The percentage of the average daily niacin intakes secreted 
in milk ranged from 1 to 3 for the first 5 days postpartum, 
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Ai'crape daUp niacin xniaVcs, excretion in urine and secretion in mill: durinp SI 

5-day study periods. 


INTERVAL 

POST- 

PARTUM 

ENERGY 

INTAKR 

days 

cal. 

72-76 

2547 

1-5 

2850 

6-10 

2898 

1-5 

2475 

6-10 

2445 

78-82 


161-165 

2873 

239-243 

2925 

302-306 = 

2827 

1-5 

2403 

6-10 

2381 

95-99 

2822 

144-148 = 

2806 

1-5 

3167 

6-10 

3365 

68-72 

3275 

152-156 

3253 

1-5 

3269 

6-10 

3412 

75—79 

3225 

173-179 ■ 

* 3559 

1-5 

2256 

6-10 

2452 

85-89 

2762 

204-208 

2825 

259-263 

2918 

58-62 

2735 

80-84 

2653 

1—5 

3278 

6-10 

3474 

70-74 ’ 

3350 


VOLUMES 
Milk Urine 


798 

1781 

848 

901 

681 


947 


363 


Intake 

Total ^ Free 


METHYL- 

KICO- 

TIXAMIDE 
Urine chloride 


* Total indicates free -f 
' Lactation tenninating. 


tnZ 

mg 

mg 

mg 

Vc uitnle 

mg 

^/c intake 

mg 

691 

14.8 

13.4 

1.34 

9 

0.35 

2 


2007 

18.5 

16.5 

0.58 

3 

1.16 

6 


1692 

16.1 

14.1 

3.52 

22 

1.08 

7 


1631 

13.6 

12.4 

0.46 

3 

0.74 

5 


1159 

13.2 

11.8 

1.95 

15 

0.67 

5 


1281 

23.4 

20.9 

2.02 

9 

0.69 

3 


993 

19.4 

17.1 

1.83 

9 

0.50 

2 

0.9 

810 

17.0 

15.7 

1.16 

7 

0.48 

3 

4.4 

1080 

18.7 

16.9 

0.64 

3 

0.51 

3 

4.6 

2818 

13.0 

11.7 

0.30 

2 

0.71 

5 


3182 

15.0 

13.3 

1.73 

12 

0.81 

5 


2804 

14.6 

13.6 

1.30 

9 

0.52 

4 

0.8 

1447 

14.7 

13.6 

0.56 

4 

0.48 

3 

2.4 

2174 

18.8 

16.6 

0.24 

1 

1.34 

7 

1.5 

2287 

22.6 

20.8 

1.26 

6 

1.38 

6 

2.6 

2849 

21.6 

19.0 

1.77 

8 

1.08 

5 

4.0 

1756 

21.2 

18.6 

1.17 

6 

0.53 

o 

4.0 

1514 

16.4 

15.4 

0.49 

3 

0.85 

.5 


1352 

18.8 

18.3 

2.26 

12 

0.90 

5 


2265 

20.2 

19.4 

1.57 

8 

0.67 

3 

4.7 

2003 

20.5 

19.2 

0.52 

2 

0.68 

3 

5.5 

1438 

13.4 

12.6 

0.28 

2 

0.87 

6 


1263 

13.6 

13.8 

1.44 

10 

0.90 

7 


1347 

19.1 

17.6 

1.71 

9 

0.56 

3 


1356 

18.9 

16.6 

2.00 

10 

0.63 

3 


1219 

20.6 

17.8 

1.40 

7 

0.70 

3 


939 

18.4 

16.7 

1.31 

7 

0.48 

3 


1078 

20.8 

19.5 

1.65 

8 

0.62 

3 


2152 

18.0 

16.2 

0.24 

1 

0.89 

5 

2.6 

2107 

20.1 

18.6 

1.80 

9 

0.76 

4 

O O 

1852 

20.1 

16.8 

0.86 

4 

0.63 

3 

8.8 


precursor. Free niacin was obtained with 0.1 .V HCl. 
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Avilli 5 to 7% of tlic intake being excreted in nrine. For the 
next 5 days niacin in the milk ranged from 6 to 22% of the 
intake but the average daily excretions in urine were com- 
parable to those of the preceding period. During the periods 
of mature milk production averages of only 2 to of the 
intakes were secreted in milk, while only 2 to 5% was found 
in the urine. The data for healthy women receiving good diet.s 
do not indicate a relationship between intake and secretion 
in milk or excretion in urine, between secretion in milk and 
excretion in urine, or between nrine volume and niacin con- 
tent. Tliat the data represent the physiologic performance of 
average liealtby women whose nutritional status was good 
before and after delivery is emphasized by the values for V.S. 
who throughout pregnancy and lactation, except for the intor- 
■»'aJ.s of sivdy, wns ingesting daily, in addition to a good diet, 
6250 LIT. of vitamin A, .3.6 mg of thiamine, 2.0 mg of ribo- 
flavin, 1000 I.U. of vitamin D, 10 mg of niacin and 0.5 mg of 
pantothenic acid. 

The low values for niacin in the urine are in agreement 
with the findings of most investigators that “niacin” is quite 
low and uniform and Ijas little relationship with intake, at 
least within a I’atber wide rajige of the latter. Tlie urine 
“jiiacin” values include niacinainide and any nieotinuric acid 
(a coniugate of niacin with glycine) that may be ]iresent, 
since L. arahinosvs can utilize all 3 forms. Based on chemical 
differentiation, the presence of nicoti7iui’ic acid iii human 
urine under normal conditions lias been controversial. 

Recently Johnson (’45) developed a microbiological pro- 
cedure using Leucoiwstoc mesenf oroides in conjunction with 
L. arahinosvs to differentiate between niacin, its amide, and 
the glycine conjugate. Using this method he was unable to find 
any nieotinuric acid in the urine of normal subjects, either 
while they were ingesting average diets or following sup- 
plementation with 50 mg of jiiacinamide i^er day for 5 days 
(Johnson, Hamilton and klitchell, ’45). lYitli daily diets 
estimated to contain an average of 21.1 mg of jiiacin, be 
found an average daily urinary output of 1.15 mg of niacin 
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and its amide. This value is comparable to the 1.1 to 1.5 mg 
obtained by Sarett, HnfE and Perlzweig ( ’12) using a chem- 
ical procedure. 

The values determined for X‘-methylnicotinamide in the 
urine of the nursing mothers, averaged 3.5 mg per day. 
The niacin equivalent, 2.5 mg, calculated with the factor 0.713, 
represented 13^0 of the intake. The totals of the niacin in 
the milk and urine, and the niacin equivalents from N^-methyl- 
nicotinamide in urine accounted for approximately 23% of the 
intake, on the average. If the N^-methylnicotinainide values 
are increased by 19% for the residual N^-methylnicotinamide 
in the sulfite blank (see procedure) the average value would 
be increased to 4.3 mg, increasing the average percentage 
of intake niacin accounted for from 23 to 26. The 74% of 
the food niacin unaccounted for would strongly indicate 
either the complete breakdown of a large fraction of the 
exogenous niacin by the body or the presence in urine of 
end-products of niacin metabolism which have not been rec- 
ognized. This explanation has been suggested by Peiizweig 
and Huff (’45). 

Values in the literature for average N^-methylnicotinamide 
elimination in the urine of normal adults eating average diets 
varj', in niacin equivalents, from 2.3 mg (Mickelson and Erick- 
son, ’45) to 18.7 mg (Johnson, Hamilton and Mitchell, ’45). 
The lack of agreement between different reports may be 
attributable in part to the methods of analysis. Nevertheless, 
one of the most consistent fi^ndings is the rather wide varia- 
tion between individuals and between different days with the 
same individual. 

Xumerous factors besides niacin and nicotinamide intake 
undoubtedly affect the excretion of this metabolite. The 
availability of methyl, groups in the body and the condition 
of the liver have been suggested (Perlzweig, Bernheim and 
Bernbeim, ’43; Xajjar, Hall and Deal, ’45), as well as body 
activity (Bllinger and Coulson, ’44) . The upper value of the 
range for average daily urinary N^-methyluicotinamide was 
that of subject V.S. at 70 to 74 days postpartum. The 10 mo- 
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of niacin inclnded in the vitamin supplements taken by V.S. 
each day except duruig the slndj* periods was equal to 55% 
of the average amount in the food eaten during the period 
of investigation. The values for her excretion of N^-methyl- 
nicotinamide, as the chloride, were 16.65, 7.68, 5.11, 5.48 and 
8.86, mg, respectively, for the 5 days. The relatively large 
excretion on the first day may have resulted from the supple- 
ment prior to initiation of the study. However, the values for 
niacin in the milk and in the urine on the first day were either 
equal to or less than the corresponding values for the fol- 
lo'snng 4 days. 

The possibility of synthesis by intestinal flora as a factor 
in the variable results cannot be disregarded. Ellinger and 
Benesch (’45) ha^•e shovm a marked decrease in the excretion 
of nicotinamide methochloride (N^-methylnicotinamide) by 
the subjects after ingestion of the “sterilising” drugs, sulfa- 
guanidine or suecinyl sulfathiazole. However, ingestion by 
infants of 1 gm of Mrjqotophane and by adults of 5 gm of 
d?-tryptopbane has been found to produce a “prompt and 
mai’ked increase in the urinary excretion of nicotinic acid 
derivatives, chieflj’- in the methylated form” (Perlzweig, Ro- 
sen, Levitas and Robinson, ’47). A comprehensive study of 
young women by Oldham, Davis and Roberts (’46) of the 
intakes and excretions of certain of the B vitamins reported 
values for fecal niacin ranging from 0.9 to 1.7 mg per day. 

The data emphasize that greater understanding of the 
dietary requirements and metabolism of pregnant and lac- 
tating women is contingent upon obtaining much clearer and 
more complete knowledge of the physiologj^ of milk production 
and secretion. As the values from our investigations are 
bronglit together, imiJressive evidence of the unique phy- 
siology of lactation accumulates. Many factors are inter- 
related in producing the over-all body changes consequent 
to lactation and other reports containing data for the same 
group of healthy nursing mothers have demonstrated that 
for vitamin C (Munks, Kaucher, Moyer, Harris and Macy, 
’47), thiamine (Roderuck, Williams and Macy, ’46), ribo- 
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flavin (Kodernck, Coryell, 'Williams and IMac-y, ’46), and vita- 
min A (Leslier, Brody, Williams and !Macy, ’47), body 
performance dni'ing lactation cannot be interpreted in terms 
of results obtained vritb non-pregnant, non-lactating subjects. 

SUMMABY 

Tbe niacin intake for 5-day periods and output in 24-bour 
collections of milk and urine -were detennined for nonnal mnl- 
tiparas during tbe first 10 days postpartum and at various 
intervals during mature milk production. Tbe intakes of tbe 
women were comparable qualitatively but tbe quantity was 
determined by appetite. With an average daily intake of 
16.5 mg of niacin tbe average secretion in milk per 24 hours 
increased from 0.04 mg on tbe first day postpartum to 2.94 mg 
on the tenth day. Excretion in tbe urine ranged from 0.92 
to 0.98 mg. 

The average volume of mature milk secreted per day dur- 
ing each of 17 5-day periods ranged from 268 to 1020 ml. Tbe 
average daily niacin content of tbe milk ranged from 0.52 to 
2.02 mg. From 0.35 to 1.08 mg of niacin were excreted in 
urine. During 10 5-day periods tbe average daily urinary 
excretion of IsT^-metbylnicotinamide ranged from 0.8 to 8.8 
mg averaging 4.0 mg. Of tbe daily niacin intakes during 
mature milk production, averages of 7 and 3%, respectively, 
appeared in tbe milb and urine as niacin. 
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A CHICK GROWTH FACTOR IN COW MANURE 

V. RELATION TO QUANTITY AND QUALITY OF SOYBEAN OIL AIE^VL 

IN THE DIET 
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It lias been reported (Rubin and Bird, ’46a, b) that an 
all-plant protein diet containing 35% of commercially beated 
soybean oil meal produced suboptimal groirtb of chickens 
unless supplemented Vitli fish meal, cow manure or extracts 
of cow manure. 

This diet was adequate in meeting the requirements for the 
essential amino acids according to Almquist’s data (’46). 
It was shown to be complete in all of the chemically char- 
acterized vitamins by Whitson et al. (’45) and in the uniden- 
tified factors (Rubin and Bird, ’46a), except for the growth 
factor which was obtained as a concentrate from extracts 
of cow manure (Rubin and Bird, ’46b). 

lYhitson et al. (’46a) described the detrimental effect of 
high levels of soybean oil meal in the diet of hens on the 
hatchability of their eggs. The diets, although unusually high 
in protein, apparently were not toxic to the hens nor did 
they adversely affect egg production. It appeared that for 
each merement of soybean oil meal in the breeder diet, an 
additional increment of a substance which interfered with 
embryonic development was deposited in the egg. Ham and 
Sandstedt (’44) showed that there is a growth inhibitor in 
raw soybean oil meal presumably identical with the trypsin 
inhibitor described by them and cry.stallized by Kunitz (’46). 
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They also indicated that the growth inhibitor is heat labile. 
Therefore, it would probably be destroyed in commercially 
heated soybean oil meal. Furthermore, the inhibitor was 
shown to be a protein and hence its absorption through the 
gut, per se, appears very unlikely. Therefore, the low hatch- 
ability reported by Whitson et al. (’46a) is pi-obably due 
to some other cause than this heat labile inhibitoi’ of tryiisin 
and of growth. 

Bird and Mattingly (’45) I’cported that they obtained opti- 
mum growth with soybean and corn diets which were supple- 
mented with 0.2% methionine. Evans and McGinnis (’46) 
obtained improved chick growth with soybean diets supple- 
mented with methionine. Bird et al. (’47) showed that the 
addition of crystalline methionine to the 35% soybean oil 
meal diet produced as good growth as did the growth factor 
of cow manure provided this growth factor had been present 
in the diet of the dams. jMethionine was less efl'ective when 
fed to the progeny of hens whose diet was deficient in the 
growth factor. This partial effectiveness of methionine is 
difficult to explain since the basal diet is supposed to contain 
adequate quantities of the essential amino acids. Some inter- 
relation of the growth factor and methionine is indicated. 
The growth factor might conceivably facilitate the libei'ation 
of methionine from soybean protein in the digestive tract, it 
might function in the metabolism of metliionine after absorp- 
tion, or it might have some entirely different metabolic func- 
tion which could be partially performed by methionine. 

The literature on the value of ej’^stine and methionine as 
supplements to raAV and heated soybean oil meal has been 
I’evieAved by Barnes and Maack (’43). Evans and McGinnis 
(’46) recentlj^ reported on the availability of the sulfur amino 
acids of raw and autoclaved soybean oil meal alone and when 
supplemented with methionine. Since the sulfur-containing 
amino acids impi’ove the nutritional value of either raw or 
heated soybean oil meal, it was of interest to determine what 
effect the growdh factor of cow manure would have on the 
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nutritional value of all-plant-protein diets in which raw 
soybean oil meal was the major source of protein. 

The objects of the experiments described in this paper 
were first, to determine whether the inhibition of embryonic 
development by high levels of commercially heated soybean 
oil meal would be paralleled by inhibition of the growth of 
chicks fed an all-plant-protein diet containing high levels of 
such soybean oil meal, and second, to determine the effect 
of the growth factor of cow manure or methionine on the 
growth of chicks fed high levels of heated or ordinary levels 
of raw soybean oil meal. 

METHODS AND RESULTS 

The- chicks in all of the experiments except 6 and 7 were 
the progeny of crossbred dams (Ehole Island Red X Barred 
Plymouth Rock) and Xew Hampshire cocks. The chicks in 
experiments 6 and 7 were the progeny of Rhode Island Red 
dams and Barred Plymouth Rock cocks. All chicks were fed 
the basal diet during the first 2 weeks after hatching. At 2 
weeks of age they were divided into experimental groups. 
The distribution into groups was made according to weight; 
the middle weight gi’oup was used and the light and hea^w 
chicks were discarded. All experiments were terminated when 
the chickens were 6 weeks old. 

The percentage composition of the basal diet was as fol- 
lows: yellow corn 38.0, barley 20.0, alfalfa leaf ideal 3.0, soy- 
bean oil meal 35.0, butyl fermentation solubles (containing 
250 pg of riboflavin per gm) 0.6, steamed bone meal 1.5, lime 
stone 1.0, salt (96% XaCl, 4% MnS 04 • -4 HoO) 0.7, and vita- 
mins A and D feeding oil (400 A.O.A.C. units of vitamin D, 
2000 H.S.P. units of vitamin A per gm) 0.2. One mg of 
nicotinic acid was added to each 100 gm of this diet. 

When this diet was modified to contain 25% of soybean 
oil meal, corn replaced 10% of the soybean oil meal of the 
basal diet. The diets containing 50% soybean oil meal were 
formulated by increasing the level of this material and de- 
creasing the level of barley. In the 70% soybean oil meal diet. 
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this material replaced all of the barley and a portion of the 
corn. In the diet-s containing raw so.ybean oil meal or soybean 
dour, this material replaced the heated soj'bean oil meal of the 
basal diet. When other supijlements were used, these re- 
placed the corn of the basal diet. A sample of raw soybean 
oil meal was obtained from each of 2 i3rocessors, and from 
a third processor samples of raw and hydrolysed soybean 
flour Avere obtained. 

Except in exi)eiiment 6, all the chicks were the progeny 
of hens which had been fed an all-plant-protein diet for 
several months. Therefore, they Asmre Avell depicted of the 
growth factor of cow manure. 

Experiments 1 to 5, the results of Avhich are summarized 
in table 1, were undertaken to determine how well chicks 
Avould grow when fed high levels of soybean oil meal Avith or 
Avithout supplements of the groAvth factor or of methionine. 
Experiments 1, 2 and 3, Avere conducted in batteries and 4 and 
5 in a brooder house, the birds bemg brooded on the floor 
under electric hovers. 

The results of experiment 1 shoAV that the best groAvth 
Avas obtained Avith the 35% soybean oil meal diet. The chick- 
ens fed the 25% soybean oil meal diet did not gi’OAV quite 
so Avell. A marked inhibition of groAvth occurred in the 
gi'oup fed the 70% soybean oil meal diet in spite of the fact 
that the diet Avas supposedly complete and had an excess of 
essential amino acids. 

Experiment 2 A\ms designed to study the effect of the groAvth 
factor of coAv mamire when added to diets containing large 
quantities of soybean oil meal. In experiment 2, the usual 
stimulation in growth occurred AAdien the basal diet contain- 
ing 35% soybean oil meal aa'Os supplemented Avith the acid 
precipitate fraction of an extract of coav manure (Rubin ajid 
Bird, ’46b). A depression in gi'OAvth occurred AA'hen the birds 
Avere fed the diet containing 50% soybean oil meal; groAAdh 
inhibition was eA*en more marked Avhen the diet contained 70% 
soybean oil meal. Remarkable results Avere obtained AA’ith 
both of these high soybean oil meal diets Avhen they AA’-ere 
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supplemented with the acid precipitate fraction. Growth 
was as good as or better than that obtained in the group fed 
the basal diet supplemented with the growth factor from cow 
manure. The results of experiment 3 confirmed the results of 
experiment 2. 

TABLE 1 


Effect of suppl€r{]cnts on groirth of chic7:ens fed different quantities 
of soybean oil v\eal. 


EXPimi- 

3IEKT 

'ino. 

OIL. yiTAlj 
IN DIET 

supplement 

TO DIET 

AV. wT. or 
chickens 

AT 6 WK*: 

NO. or 
CHICKS 
«T’AP.TED 

NO. or 

SUKVIVOR^ 




nm 



1 

25 

None 

378 

12 

11 


35 

None 

408 

12 

12 


70 

None 

256 

12 

10 

2 

35 

None 

361 

12 

11 


35 

0.075% A.P.' 

431 

12 

12 


50 

None 

295 

12 

8 


50 

0.075% A.P. 

472 

12 

12 


70 

None 

181 

12 

t 


70 

0.075% A.P. 

430 

12 

11 

3 

35 

None 

340 

14 

14 


70 

None 

294 

14 

12 


70 

0.0759c A.P. 

406 

14 

14 

4 

35 

None 

422 

47 

47 


70 

None 

365 

47 

34 


70 

0.29^ dl-metliionine 

304 

47 

37 


70 

0.4% dl*methionine 

350 

47 

39 

5 

70 

None 

295 

37 

29 


70 

None 

326 

37 

31 


70 

5% dried cow manure 

467 

37 

33 


70 

5% dried cow' manure 

4^1 

37 

37 


70 

0.4 9f dl-metliionine 

360 

37 

29 


70 

0.4% dl-metlnonine 

315 

37 

35 


' Acid precipitate of water extract of dried cow manure. 


In experiment 4 the effect of methionine on the 70% soybean 
oil meal diet was studied. In experiment 5 certain diets used 
in experiment 4 were repeated with the addition of 2 groups 
fed the 70% soybean oil meal diet and supplemented with 
5% cow manure. The results of both experiments show that 
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metbioniiie had little or no connter-elYect o)i tlic* high soybean 
oil meal diet. On the other hand, the groups fed the diet 
containing cow inannve grew at an optimum rate. The chicks 
used in all of these experiments Avere from the eggs of hens 
whose diet had been deficient in groAvth factor, and it would 
he expected, therefore, that the chicks would have shown less 
response to methionine than to the growth factor even if they 
had been fed these supplements A\dth 35% of soybean oil meat 
(Bird et ah, ’47). The 70% level accentuated the difference 
between the 2 supplements to the extent that methionine pro- 
duced little or no stimulus to growth in experiments 4 and 5. 


TABLE 3 

Effect of maternal diet on chickens fed diets high tn soybean oil meal. 
(Experiment 6.) 


MATKBKAn DIET 
KO. 

fiOVDEAK Oin MEAD 
IN CITICIC diet 

A.r*.» IN 

CHICK DIET 

AV. IVT. AT 

G IVKS. 

NO. or 
fiunwons 


% 

*ro 

ffm 


311 

35 

0 

238 

11 

311 

35 

0.075 

425 

16 

312 

35 

0 

383 

20 

312 

70 

0 

315 

IG 


' Same as in table 1. 


Experiment 6 was designed to determine the effect of the 
growth factor in the maternal diet on the growth of chicks 
fed the high soybean oil meal diet. There Avere 4 groups of 
20 chicks. Taa'o groups AA’ere composed of chicks AA'hose dams 
Avere fed a diet (diet 311, Bubin and Bird, ’46b) deficient 
in the groAAdh factor; the other 2 groups AA^ere composed of 
chicks Avhose dams Avere fed a diet (diet 312) AAdiieh contained 
the factor. The cliicks in this experiment Avere reared in 
batteries. The data are giAmn in table 2. 

In this experiment, 70% of soybean oil meal reduced the 
groAvth rate of the progeny of liens fed a “good” diet (no. 
312), but these chicks, even Avhen fed the high leAml of soj'-bean 
oil meal, Avere still able, by Aurtue of the diet of their dams, to 
groAv more rapidly than those fed 35% of soybean oil meal 
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but subject to the disadvantage of a poor maternal diet. This 
is evidence that the growth factor, even when stored in the 
chick’s body, counteracted the inhibitory effect of a high 
soybean diet. 

In all of these experiments excessive quantities of soybean 
oil meal in the diet caused considerable mortality which was 
prevented by the addition of the groAvth factor of cow 
manure. 

Experiments 7 to 11, the results of which are summarized 
in table 3, were undertaken to determine the effectiveness 
of the growth factor in overcoming the deficiency of raw 
soybean oil meal and to compare its effectiveness with that of 
methionine and with the effectiveness of hydrolysis of the 
soybean product. The experimental groups, each consisting 
of 12 chicks, were reared in battery brooders, except that in 
experiment 8 groups of 36 chicks were brooded under electric 
hovers in the brooder house. 

In experiment 7, the usual difference between the basal diet 
containing heated soybean oil meal and the same diet sup- 
plemented with the growth factor was observed. Methionine 
improved this basal diet but not quite so much as did the 
gi'owth factor. The expected poor growth was obtained with 
the basal diet containing raw soybean oil meal. The growth 
factor improved this diet considerably but optimum growth 
was not achieved. Methionine in the raw soybean oil meal 
diet made it equal to the heated soybean oil meal basal diet. 

The results of experiment 8 were essentially the same 
as those of the preceding one. Eaw soybean oil meal no. 1 was 
inferior to the heated soybean oil meal. The growth factor, 
supplied by the dried cow manure improved the raw soybean 
oil meal diet considerably but did not make it equal to the diet 
containing heated soybean oil meal plus cow manure. 

In^ experiment 9 a second sample of raw soybean oil meal, 
obtained from another processor, was compared with the 
first sample. This experiment confirmed the results of the 
first 2 experiments. About the same growth response was 
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obtained with the 2 different samples of ra^v soybean oil 
meal. 

The second sample of i-aw soybean oil meal ^vas retested 
in experiment 30. The results confirmed the results, of the 
pi'cvious experiment. The growth factor improved the nu- 
tritional value of raw soybean oil meal but not to the extent 
obtained with heated soybean oil meal. 


TABLE 3 

Effect of supplements on growth of chichens fed heated and 'itnhcaied soyhean 
products as of diet. 


KXPKRIMHXT 

NO. 

SOYIIEAK PROnUCT 

IN DIET 

Fl'PIU.rMENT 

TO DIET 

AV. WT. or 
CHICKENS 

0 WKF. 

7 

Heated oil meal 

Xone 

pm 

350 


Treated oil meal 

0.075% A.P.- 

440 


Heated oil meal 

0.29r di-methionine 

390 


Raw oil meal, no. ] 

Xone 

323 


Raw oil meal, no. 1 

0.075% A.P. 

394 


Raw oil meal, no. 1 

0.1.50% A.P. 

414 


Raw oil meal, no. 1 

0.2% di-methionine 

360 

8 

Heated oil meal 

None 

361 


Heated oil meal 

i)% dried cow manure 

498 


Raw* oil meal, no. 1 

None 

326 


Raw oil meal, no. 1 

5% dried cow manure 

429 

9 

Heated oil meal 

Noiip 

290 


Heated oil meal 

0.075% A.P. 

419 


Raw oil meal, no. 1 

None 

247 


Raw oil meal, no. 1 

0.15% A.P. 

337 


Raw oil meal, no. 1 

0.30% A.P. 

345 


Raw oil meal, no. 2 

None 

244 


Raw oil meal, no. 2 

0.135% A.P. 

349 

10 

Heated oil meal 

None 

236 


Heated oil meal 

0.075% A.P. 

383 


Raw oil meal, no. 2 

None 

199 


Raw oil meal, no. 2 

0.150% A.P. 

332 


Raw oil meal, no. 2 

0.225% A.P. 

312 

11 

Heated oil meal 

None 

347 


Heated oil meal 

0 075% A.P. 

'407 


Raw flour 

None 

263 


Flo^w hydrolysate 

None 

314 


* Acid precipitate of water extract of dried cow manure. 
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111 experiment 11, the effect of enzymatic liydrolysis of the 
proteins in soybean flour was studied. The flour and the 
hydrolysate of the flour were commercial products. Unfor- 
tunately, only enough of the hydrolysate was available for 
1 experimental group; therefore, the supplementary effect 
of the growth factor could not be studied. The results of this 
experiment showed that while enzymatic hydrolysis of raw 
soybean flour improved it, it was not quite so good as heated 
soybean oil meal which was not supplemented with the growth 
factor. The group fed the growth factor with heated soybean 
oil meal was superior to all of the other groups. 

DISCUSSIOX 

The results of experiments 1 to 6 show that there is a par- 
allelism between the effect of increasing levels of soybean 
oil meal on embryonic development (hatchahility), as shown 
by 'Whitson et al. (’46a), and the effect on chick growth. 
Just as increasing quantities of soybean oil meal in the hen’s 
diet caused a reduction in hatchahility, increasing quantities 
of soybean oil meal in the chick’s diet caused a reduction in 
viability and growth rate. The parallelism was also evident 
in the effect of cow manure. The addition of this material 
or concentrates prepared from it to diets containing high 
levels of soybean oil meal prevented the inhibition of growth 
and mortality which usually occurred among chicks fed such 
diets. Whitson et al. (’46b) and Bird et al. (’46) have re- 
ported that the addition of cow manure to breeder diets con- 
taining higher levels of soybean oil meal prevented the usual 
reduction in hatchahility of eggs and viability of progeny. 

The addition of methionine at levels up to 0.4% of the diet 
containing 70% soybean oil meal produced little or no in- 
crease in gro\vth above that produced by the control diets. 
Several authors have shown that diets composed chiefly of 
corn and soybean oil meal can produce optimum growth when 
supplemented with methionine, yet methionine failed to over- 
come the detrimental effect of large quantities of soybean oil 
meal. This is evidence that the ill-effect of soybean oil meal 
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is not limited to interference with liberation of methionine 
in the digesthm tract. 

The fact that the growth factor of cow manure stored in 
the chick’s body was able to counteract the elTect of high 
soybean oil meal diets is additional evidence that the relation- 
ship involving the soybean oil meal, the growth factor and 
free methionine is not limited to the intestine. 

It is also evident from the results of experiments 7 to 10 
that the gTowth factor did not obviate the necessity of heat- 
treating soybean oil meal. Although the growth factor im- 
proved the nutritional value of raw soybean oil meal in an 
all-plant-protein diet, the use of heated soybean oil meal with 
the growth factor produced still better re.sults. 

Prom the evidence presented, it may be postulated that soy- 
bean oil meal contains an inhibitor of growth which is stable to 
heat, which produces an effect that is not confined to the diges- 
tive tract, and which, therefore, is not identical with the heat 
labile trypsin inhibitor reported by Ilam and Sandstedt (’44) 
and crystallized by Kunitz (’4G). The growth factor of cow 
manure has little or no effect upon the heat-labile inhibitor 
but counteracts the inhibiting effect which is not influenced 
by heat. 

As an alternative to this hypothesis one might attempt to 
explain the differences in growth among groups fed 35, 50 
and 70% soybean oil meal on the basis of the different quan- 
tities of barley and corn in the diets. It would be necessary 
to assume that these grains contain considerably more of 
the growth factor than does soybean meal. The report of 
Whitson et al. (’45) although it does not rule out this ex- 
planation completely, makes it difficult to believe that corn 
and barley contain significant quantities of the gi'owth factor. 

The distribution of the postulated heat-stable inhibitor 
in different samples of soybean products appears to be quite 
variable. Although no detailed study of this phase of the 
problem has been made, some samples of soybean oil meal 
have been obtained which produced optimum growth without 
a supplementary source of the growth factor when fed as 
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35% of the diet. Such meals have not been tried at the 70% 
level. 

Further work is needed to determine if this growth inliibitor 
is confined to soybean products, and if the sole function of the 
growth factor of manure is to counteract this effect. 

The results reported here would indicate that the benefits 
conferred by heating soybean oil meal and by supplementa- 
tion with the growth factor are independent of each other. 
This subject shoidd not be dismissed, however, without ref- 
erence to the ability of methionine to act as a partial substitute 
for the growth factor (Bird et ah, ’47) and to the generally 
accepted role of this amino acid in the changes induced by 
heating soybean oil meal. According to Melnick et al. ( ’46) the 
poor utilization of raw soybean protein is due to inhibition 
of trypsin and consequent retarded liberation of methionine. 
Therefore, equally good results should be obtained with raw 
and with heated soybeans if each were supplemented with ade- 
quate methionine. Such results were not obtained either by 
Hayward and Hafner (’41) or by Almquist et al. (’42), 
perhaps because the highest levels of methionine they added 
to the raw soybean were inadequate or perhaps because the 
trypsin inhibitor disturbs protein digestion in other ways not 
involving the sulfur-containing amino acids. Heated soy- 
bean, because of the increased availability of its methionine, 
provides more of this amino acid for structural use and, if 
necessary, as a partial substitute for the growth factor than 
does the raw material. Even heated soybean oil meal, how- 
ever, contains barely adequate, or slightly inadequate quan- 
tities, and so responds to methionine supplementation. It is 
supplemented more effectively by the growth factor. 

Methionine appears, therefore, to be a connecting link be- 
tween the trypsin inhibitor and the newly postulated, heat- 
stable growth-limiting influence. The trypsin inhibitor 
interferes with the liberation of methionine in the digestive 
tract and its effect is largely, if not entirely, negated by 
methionine feeding. The mechanism of the heat-stable inhib- 
itor is unknown; its effect is counteracted partially and ir- 
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regularly by methionine but completely ami consistently by 
the growth factor of cow manure. 

Enzymatic treatment of raw soybean flour materially im- 
lirovecl the nutritional value of this feedstuff. The hydrolysate 
did not quite equal the heated soybean oil meal, but in view 
of the entirely different origins of the 2 products, the results 
appear sufficiently similar to justify the statement that this 
experiment with enzyme-digested soybean flour confirmed the 
report by l^IcGinnis and Menzics (’46) that papain digestion 
of raw soybean oil meal made it nutritionally equal to heated 
sojdiean oil meal. Hydrolysis, like heat-treatment, failed to 
overcome that portion of the growth inhibition wliich was 
counteracted by the growth factor of cow manure. 

.SUMiMAHY 

Soybean oil meal fed to young chickens as 70% of the diet 
caused an inhibition of growth and increased mortality. Both 
of these effects were counteracted by the addition of the 
growth factor of cow manure to the diet but not by the addi- 
tion of methionine. 

The growth factor of cow manure improved the nutritional 
value of a chick diet containing raw soybean oil meal as the 
only protein concentrate, but not to the extent that it im- 
proved a diet containing heated soybean oil meal. 

Evidence has been presented that soybean oil meal at high 
leve's exerts an inhibiting effect on the groAvth of chicks which 
is not due to a heat-labile trypsin inhibitor, which is not 
nullified by heating or by enzymatic digestion, but which is 
counteracted by the chick growfli factor of cow manure. 
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PROCEEDINGS OP 

THE ELEVENTH ANNUAL MEETING OF THE 
AMERICAN INSTITUTE OP NUTRITION 

STE'^'EKS AJsD COEGHESS HOTELS, CHICAGO, 

ILLIXOIS, IHAT 18-22, 1947 

COHHCIL MEETINGS 

Council meetings were lield at tlie Stevens Hotel on Sunday, 
May 18. All members were present. Formal actions of tbe 
Council are reported in tbe minutes of tbe business section. 

SCIENTIFIC SESSIONS 

Tbe scientific program consisted of 7 balf-day sessions of 
scientific papers grouped according to topic. A total of 73 
papers were presented and 9 were read by title. Tbe abstracts 
of these papers were published in tbe Federation Proceedings, 
vol. 6, no. 1, ^larcb, 1947, pp. 401-A24. If tbe number of 
papers increases much further it will be necessary to rim 
simultaneous sections or to transfer papers to the list of those 
to be Read by Title. 


BUSINESS SESSIONS 

Two business meetings were held, one at 8:30 Monday eve- 
ning, May 19, following tbe Institute Dinner, and tbe other at 
4:00 p.m. IVednesday, May 21, following tbe scientific pro- 
gram. These meetings were presided over by tbe President, 
A. H. Smith. 

Monday, May 19, 8:30 p.ji. Tbe report of tbe Treasurer was 
presented by E. bl. Nelson. Tbe Auditing Committee (Dr. 
Elsa Orent-Keiles and Dr. Chester Tolle) reported that tbe 
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Ti‘easui'ei'’s books were in order. Tiie Treasurer’s report was 
approved. 

Dr. George R. C'owgill, Editor of Tjie doujtXAL of iN’^uTnmox 
gave a bi'ief report concei-ning the Journal as follows: 

Beginning with the January 1.94G i.s.sue a return was made 
to the page format that Avas used before the war. This change 
was made with all of the journals published by The AVistar 
Institute. As usual, 2 volumes were published during the year, 
namely volumes 31 and 32 ; they contained 118 articles. During 
the year 153 papers were submitted for consideration. The 
average number of papers per issue was 10, compared with 
8.5 for the previous year. The average number of pages per 
article this j'ear, namely 12.4, was higher than the previous 
year’s figure of 9.0 pages. Simple comparison of these figures 
is not really valid because the format had been changed to the 
older one with fewer words per page; on the other hand it 
should be remembered that the number of pages per volume 
has been increased from 100 pages to the newer limit of 120. 

Volume 31, covering January to June 1946, inclusive, %vas 
designated the “John E. I^Iurlin Honor Volume” in honor of 
Dr. Murlin who founded the Journal and served as its editor 
until 1939 when he became aji emeritus member of the Ameri- 
can Institute of Nutrition. It was arranged that the first issue, 
that for January 1946, should cany a picture of Dr. Murlin 
Av^hich could serve as a frontisijiece for the volume. The issue 
also carried a short note of appreciation of Dr. Murlin written 
by his younger colleagaie Dr. E. S. Nasset. A discussion of the 
efforts made to honor Dr. i\Iurlin in some Avay, which culmi- 
nated in the plan to designate volume 31 as an Honor Volume, 
was given in last year’s report and therefore Jieed not be given 
here (Fed. Proc., 5: 316, Sept. ’46). 

The printing shop difficulties that made it impossible during 
the Avar years for our printer. The Wistar Institute, to bring 
out each issue on or about the tenth of each month Avere 
gradually overcome during the year. The most recent issues 
shoAv a vast improA^’ement in this regard. The one for April, 
1947, AA'^as only a feAv days late; that for ^lay, 1947, appeared 
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oil schedule. In last year’s report a hopeful statement was 
made regarding the prospects in this regard. Inasmuch as 
the latest issue appeared on time, we have every reason to 
believe that this problem caused by the war has now been 
solved, which is of course very gratifying to all parties 
concerned. 

The members approved the Editor’s Keport and extended 
to Dr. Cowgill and the Editorial Board a hearty vote of thanks 
for their service. 

The appointment of Dr. "Walter C. Russell as the representa- 
tive of the Institute to the Division of Biology and Agriculture 
of the National Research Council and as Liason Officer to the 
Food and Nutrition Board was approved. The appointment 
of Dr. L. A. Maynard as our representative on the Committee 
on International Congresses was approved. 

The President reported that the Executive Committee of 
the Federation had discussed the feasibility of reorganizing 
the administration of the Federation by the establishment 
of a permanent business secretary vrho would, among other 
duties, he responsible for the annual meetings, thus remomng 
much of this burden from the local committees. The Place- 
ment Service (vhich Dr. H. B. Lewis can no longer supervise) 
might also he transferred to the office of the penuanent secre- 
tary. Such a proposal would require an increase of Institute 
dues to $4 ($3 to the Federation ; $1 to the Institute) . All of 
these recommendations were approved. The President also 
announced that the 1948 meeting vrould he held in Atlantic 
City. 

It was voted that the Institute should have a dinner at the 
1948 meeting. 

Dr. Walter C. Russell, the Institute representative on the 
Committee on Organization of the American Institute of 
Biological Sciences, reported on the nature of the proposed 
new organization and indicated that the American Institute 
of Nutrition was eligible to become a charter memhei*. After 
some discussion the imdtation to join this new organization 
was declined on the basis that the Institute of Nutrition was 
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more closelj' related to the Federation Societies than to many 
of the projDosed members of the American Institute of Bio- 
logical Sciences. 

The members ob.served a period of silence in honor of the 
following deceased members: IMorris S. Fine, Charles L. 
Hoagland, Paul Roth, and Alfred Shohl. 

Wednesday, May 21. The tellers reported that the follow- 
ing officers had been elected for 1947-1948 : 

President — K. Bcthkc 

Vice-President — E. Nelson 

Treasurer — N. P. Ellis 
Councillor — A. P. Holmes 
Associate Editors — E. \V. Crainjiton 

O. L. Kline 

P. W. Swift 

The following new members were elected on recommenda- 
tion of the Council : 

Aaron Arnold 
J. C. Bauernfoind 
Herbert R. Bird 
Alex Black 
David K. Bosshardt 
Gcorpfc M. Brijjps 
W. W. Cravens 
Eva Donelson 
D. V. Frost 
Ross A. Gortner 
B. Connor Johnson 

The President announced that a Joint Committee on Nomen- 
clature had been established in cooperation with the American 
Society of Biological Chemists. The committee consists of: 

C. A. Elvehjcm, Chairman 
E. M. Nelson 
A. D. Welch 
H. J. Almquist 

This action was approved. 

Dr. Griffith presented to the Institute the essential content 
of bills currently under consideration by Congress (HR 3215 
and Senate Bill 504) regarding the status of professional men 


Seth Roth Johnson 
Francis G. JfcDonald 
"Mtiry Elizabeth Reid 
H, E. Robinson 
Saul Rubin 
H. P. Sarett 
H. A. Schneider 
Janice M. Smith 
Clara A. Storvick 
Madelyn Womack 
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(other than physicians, dentists, and veterinarians) in the 
ISIedical Departments of the Army and Navy. These hills 
would group such professional men in a heterogeneous group 
of professional and non-professional workers (the jNIedical 
Service Corps). The defects of such a set-up were pointed out 
hy Dr. Griffith. The Institute voted to send a protest to the 
House and the Senate regarding this situation and the Presi- 
dent appointed a committee consisting of Drs. Griffith, Nasset, 
and Carter to frame appropriate letters. (These were sent to 
the chairmen of the House and Senate Committees on Armed 
Services on May 29.) 

President Smith appointed the following Xominating Com- 
mittee for 1947-1948 : 


Harold Goss, Chairmaii 
H. G. Day 
L. A. Maynard 
H. B. Pierce 
Pearl Swanson 

The Institute gave a hearty vote of thanks to the Local Com- 
mittee for their fine service in organizing and arranging the 
meeting. 

The meeting adjouimed at 4:45 p.m. 

DIXJyEE AXD PRESENTATION OF AWARDS 

For the first time since the war the Institute held a dinner 
meeting (Hotel Continental, May 19). FoUowing the diuner 
Dr. Murlin gave a very interesting talk regarding the early 
history of the American Institute of Nutrition. At this time 
also the presentation of the Institute Awards was made. Dr. 
L. A. !Maynard as recipient of the Borden Award received a 
medal and a check. Drs. Paul Day, W. J. Darby, and E. L. 
Stokstad as co-recipients of the Mead .Johnson and Company 
Prize received scrolls and checks. 


Kespoctfully submitted, 

H. E. CAHTER, Secretary 
Ammcnn Institute of Xutrition 




PRODUCTIOX OF NIACIX DEFICIENCY IN EATS 


JAMES :m. huxdley 

Division of Fhysiologtfj Xaiional Insiiiuic of Health, 
17. S. FiihJic Health Service, Bethesda, Haryland 


(Received for publication March 17, 1947) 


Krelil and coworkers (’45a) have reported that rats fed a 
low-protein diet containing 40% corn developed a growth de- 
pression which was correctable by either niacin or trypto- 
phane. These findings have been confirmed by Dann (’46), 
Singal et al. (’46), and Spector and Mitchell (’46). 

Tryptophane and niacin are apparently interchangeably 
active in reversing growth retardations produced by certain 
diets in chicks (Briggs, ’45), in rabbits (Wooley, ’47), and in 
dogs (Hundley, ’46). 

Dann ( ’46) has shown that the corn grits diet of Krehl et al. 
(’45h) •ftill sharply reduce the urinaiy output of N^-methyl- 
nicotinamide (NMN) in the rat. It has been reported that the 
addition of tryptophane to various diets will cause a large 
increase in the urinary excretion of nicotinic acid and its 
derivatives in rats (Eosen et al., ’46; Singal et al., ’46), in 
horses and cotton rats (Schweigert et al., ’47), and in man 
(Sarett and Goldsmith, ’47 ; Perlzweig et al., ’47). 

These reports seem to indicate that tryptophane is an 
important precursor of niacin synthesis and that a niacin 
deficiency is produced when the diet contains insufiicient 
tryptophane to compensate for the lack of preformed niacin. 

However, Woolley (’46b) has prepared a concentrate from 
corn which has a “pellagragenic” action in mice. In addition 
he has reported (’46a) that either niacin or tryptophane will 
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reverse tlie biological clTects oi‘ 3 acclylpyridine. Ivoclicek el 
al. (’46) Lave reported tliat indole-3-acetic acid will produce 
tbe same growth depression in ]‘a1s as will corn itself. 

Grosclilce and Briggs {’4G) and Krehl et al. {’46b) have 
found that certain amino acids have a marked growth-inhibit- 
ing action which can be ovei’come by niacin. 

The present jjaper presents a study of the production of 
niacin deficiency in rats using diets free of any known “anti” 
factor, in which the only apparent etiologic agent was a 
relative lack of tryptophane. This has been possible by feed- 
ing a low percentage of casein supi)lomentod with cystine or 
other tryptophane-deficient protein material. 

METHODS 

ilale rats weighing 35 to 40 gm were placed individually in 
■sni'e mesh cages at weaning and distributed to form groups 
according to weight and litter. 

The diets used were modeled after the basal diet of Krehl 
et al. (’45) and consisted of casein (vitamin free) 15, sucrose 
78, corn oil 3, salts (Osborne and Mendel) 4, and 1( — )cystine 
0.15 gm. Vitamins were incorporated in the ration in the fol- 
loAving amounts : thiamine 0.2, riboflavin 0.3, jryridoxijie 0.25, 
calcium pantothenate 2, choline 100, inositol 10, 2-methyl 
naphthoquinone 0.1, biotin 0.01 and pteroyl glutamic acid 0.1 
mg %. The niacin content of these diets was practically zero 
and niacin was added only when indicated. The casein or 
other protein material was varied from 6 to 40% at the ex- 
pense of the sucrose. 1( — ) cystine was added to most of the 
diets so that the cystine-methionine deficiency of casein was at 
least partiall}" corrected, making tiyptophane the principal 
amino acid limiting growth (Mitchell and Block, ’46). 

Growth periods varied from 3 to S or more weeks. Niacin 
tissue assays were done using L. arabhwfiiis with a slight 
modification of the Snell and "tYright (’41) method. Urines 
were collected under toluene and the N'-methylnicotinamide 
estimated promptly using the method of Huff et al. (’45). 
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RESULTS 

2. Effect of niacin at various levels of casein 
(plus cystine) 

Tlie groAvtli of rats on diets containing 6 to 40% casein was 
compared at each level of casein with and without added 
niacin. 1( — )cystine 0.15% was added to all diets. 

Representative data are shown in table 1. The addition of 
niacin caused growth stimulation at each level of casein up to 
20%. Statistical analysis however showed that only the niacin 
growth stimulation in 12% casein diets was certainly signifi- 
cant, there being less than 1 chance in 100 that the growth 
stimulation was accidental. 


TABLE 1 

Growth and niacin tissue icrels as influenced hy diet and supplemental niacin. 


DIET ' 


growth 


xiacik coxtext or tissues 

3 


Xiacin 

Xo. 

rats 

Av. gain 

t value = 

Xo. 

rats 

Liver 

Muscle 

rr 

inp 


pm/ tel'. 



hff/fffn 


6 

0 

5 

1.1 






6 

o 

5 

1.9 

0.95 





9 

0 

9 

10.1 


5 

128 (115-155) 

56 

(39-73) 

9 

o 

9 

13.7 

1.75 

5 

133 (110-157) 

82 

(75-94) 

12 

0 

10 

15.4 


5 

140 (120-173) 

49 

(40-70) 

12 

2 

10 

21.3 

2.91 

5 

175 (135-212) 

84 

(79-93) 

15 

0 

5. 

23.9 


4 

186 (165-200) 

59 

(5S-60) 

15 

o 

5 

30.9 

2.02 





20 

0 

9 

28.8 


4 

172 (165-177) 

82 

(80-85) 

20 

o 

9 

30.0 

0.70 

4 

181 (170-lSS) 

84 

(81-87) 

HO 

0 

3 

26.9 






30 

o 

3 

28.2 

0.90 





40 

0 

4 

29.7 

0.37 





40 

o 

4 

29.1 






' All diets 

included U — Vvstino n.l5r% 






Calculated according to Fisher ‘‘Statistical Methods for Research ‘VTorkers.^’ 
The author is indehted to W. M. Gafafer for tlicse analyses. 

•The nuthor is indebted to Dr. .T. G. Wooley for th«e .nssays. Values within 
parentheses indicate ranjjo. 
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In other experiments rats liavo boon kept on liie.se diets for 
4 weeks will) .arowlli resnlls comparable to tliose shown in table 
]. At the end of this period the diets were reversed at each 
ca.sein level so that rats not receiving niacin now received it, 
and vice versa. In the f) and 12, but not in the 20^ casein 
groups, growth shifts in favor of the niacin groups appeared. 

In another experiment the elTcet of added tryptophane was 
found to be similar to that of added niacin. Using the 12% 
casein ration and 4-week growth periods, 4 rats grow at the 
rale of 13.9 gm/wk. When 10 mg % niacin was added to the 
same diet using 4 litter mates, growth was at the rate of 16.8 
gm/wk. Four hundred mg % dl-tryptophano in 4 additional 
litter mates increased the growth rate to 17.1 gm/wk., but 
when both niacin and tryptophane in the above amounts were 
added to a fourth gi'oup of litter mates no growth stimulation 
was evident. The reason for the latter observation was not 
clear. 


11. Liver and muscle niacin levels 

A close correlation was apparent between the tissue niacin 
levels and the percentage of dietary protein (table 1). Using 
the rats receiving 20% casein as normal, the 9 and 12% casein 
rats showed a reduced concenti-ation of tissue niacin. The 
addition of 2 mg % niacin to the diet l)rougbt all muscle levels 
to normal and brought the livers to normal in the 12% but not 
in the 9% groups. The same amount of niacin did not alter 
the levels significantly in the 20% casein group. 

III. Urinary W-meiltylnicoHnamide excretion 

Normally rats apxjear to excrete a large part of their known 
urinary niacin derivatives in the methylated form (Huff and 
Perlzweig, ’42; Rosen et ah, ’46), and since the amount of 
N^-methylnicotinamide excretion bears a rather constant I’atio 
to the amount of other niacin comiaounds, the excretion of this 
substance should give a good index of the total excretion of 
niacin. 
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The data (table 2) shovr a close correlation with the growth 
and tissue niacin assay results. If the excretion of the rats 
receiving 20% casein is taken as normal, then the 9 and 12% 
casein rats showed a marked reduction in N*-methylnicotin- 
amide. The addition of 2 mg % niacin caused a rise to ap- 
proximately normal levels in the 9 and 12% rats hut had no 
consistent effect at 20% or more casein. The addition of 100 
or 400 mg % dl-tryptophane to the 9 and 12% rations caused 
a very large increase in the excretion of N^-methylnicotin- 
amide. 

TABLE 2 

X^-mcthylnicotinaniide (XMX) excrciion. 


DIET 1 


KMX EXCF.KTIOK PEE 24 HOrES 

Added KO. or 


Casein 

Niacin 

dl-TTyT>to- 

phane 

OBSEEVATIOKS 

Ae/ 100 cm 
body vreiebt 

Ranse 

9c 

9 

mg 

0 

mg 

0 

4 

20 

(19-55) 

9 

o 

0 

4 

204 

(128-315) 

9 

0 

100 

4 

429 

(189-633) 

12 

0 

0 

27 

29 

(6-75) 

12 

0 

0 

15 

127 

(le-seo) 

12 

10 

0 

11 

174 

(100-26S) 

12 

0 

100 

4 

444 

(277-607) 

12 

0 

400 

16 

1074 

(300-1980) 

12 

10 

400 

8 

945 

(365-1880) 

20 

0 

0 

5 

121 

(27-371) 

20 

2 

0 

6 

112 

(20-172) 

30 

0 

0 

4 

90 

(27-120) 

30 

o 

0 

5 

97 

(31-126) 

40 

0 

0 

4 

195 

(26-504) 

40 

o 

0 

4 

223 

(117-410) 

Stock * 

0 

0 

4 

431 

(246-828) 


‘All diets contained added 1(— )eysUne 0.15%. 
= Ground Purina Dog Clicekcrs. 


IV. Other tryptophane deficient diets 

The diets mentioned thus far seem to produce only a mild 
deficienoy as judged by growth. After 8 to 10 weeks "on the 9 
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or 129 ^ I'ntioiis, Ibe response* lo niacin is no longer consisfeiit. 
Also there is considerable litter variation and controls must 
be used in each case. Therefore these diets are not entirely 
suitable for routine use in studying niacin deficiency. 

Other diets were constructed in which the relative deficiency 
of tryptophane was greater. In each instance rats on these 
diets as shown in table 3 showed a marked depression of 

TAin.r; a 


Diets for pioductwn of moderate to stvcrc niaeai defieimcif in nits. 


CA^} IN* 

Ti:^ I‘TOt-H \NE 

m rrcij m 

ri:4)TriN 

TOTAO 
I'llOTriK 
Oil G* 

N'l ^CI.V 
MO 'r 

> 

^ H 5 

totai. 

TnVf‘TO- 
i-ir ^N*r 
IN' Pirr 
Mn 

r.MN 

N M V » 

J \C. 

0 gm ‘/f 

9 Ess. Am. Ac.’ 

10.9 

0 

0 

loS 

*> 

7 


7.9 gm 







9 


36.9 

30 

0 

lOR 

IS 

— 

9 

+ 30 Ess. Am. Ac. 

37.1 

30 

200 


1 7.5 

7S2 


S.l gm 9r 







9 

-f Acid liulrohzed 

13 

0 

0 

lOS 

0 



Casein 4 gm Vc 







9 

+ * * 

13 

10 

0 

ms 

20 


9 

4* Oxidised casein “ 

34.4 

0 

0 

lOS 

3..“) 



5.4 gm Vc 







9 

+ 

14.4 

30 

0 

lOS 

IS 


9 

-h Gelatin .3 gm 9r and 

12 

0 

0 

los 

3,5 

/ 


1( — )c'stinc 0.159r 







9 

-f 

12 

10 

0 

lOS 

17..5 

S.ll 

9 

-f 

12 

0 

75 

ISO 

1S.2 

447 

9 

-b ' ' 5.4 gm 

14.4 

0 

0 

lOS 

4 


9 


14.4 

10 

0 

lOS 

^3 


9 

“h ^ ' 9 gin % 

IS 

0 

0 

lOS 

l.s 

10 

9 

M M 

18 

10 

0 

lOS 

15 4 

30G 

10 

+ Gelatin -f" 








Am. Ac. 30 * 

20 

0 

0 

120 



10 

+ 

20 

o 

0 

120 

25 


10 

4* 

20.2 

0 

200 

320 

31 



plus tr^ptopliaiic 








' K'-mctliyliucotinamiOe. 

* Essential amino acids added in same amounts ns given by Rose ( ’3S) for meet' 
ing minimum requiiements of rats. 

^Piepared accoiding to Toennies (M2). 

* Amino acids added so as to be equivalent of 209^^ casein vitli amino acids 
ecxept tryptophane. 
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growth which was correctable by either tryiitophane or niacin. 
The use of tryptophane and niacin together did not increase 
the growth response over that when either one was used alone 
in optimum amounts. 


DISCUSSIOX 

From the data presented it seems clear that when growing 
rats are maintained on a ration in which tiyptophane seems 
to be the chief amino acid limiting growth, a marked diminu- 
tion in niacin synthesis occurs with a resultant niacin tissue 
deprivation and depressed growth. "When tryptophane is 
added to the diet, either as casein or tryptophane itself, an 
increase in niacin synthesis occurs. 

These facts strongly indicate that tiyptophane is the dietary 
precursor of niacin. Similar conclusions have been published 
bv Singal et al. (’46), Kosen et al. ( ’46) and Schweigert et al. 
(’47). _ 

The action of niacin in promoting growth in the presence of 
an apparent deficiency of tryptophane has been explained by 
Krehl et al. (’46a) as being due to increased efficiency of 
utilization of tryptophane. A similar conclusion was reached 
by Spector and Mitchell ( ’46) as the result of a paired feeding 
study. 

However, it is also possible, and seems more likely to the 
writer, that the niacin acts to “spare” tryptophane. Since 
tiyptophane seems to be the dietary precursor of niacin, a 
certain portion of it must be used up in this process. If niacin 
is supplied preformed, the tryptophane may be spared of this 
function, making it available for tissue building. Some evi- 
dence in this direction is noted in table S since with increasing 
amounts of casein and a constant amount of niacin, there was 
no notable increase in excretion of N^-methylnicotinamide 
(NMX). On the other hand, without niacin in the diet the 
NMX excretion varied roughly with the per cent of casein at 
up to the level where growth was independent of the 
niacin intake. This observation could be explained by assum- 
ing that with adequate preformed niacin in the diet, the trypto- 
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liliaiie is nictaholizod along- willi tlie oilier amino acids in a 
manner not leading to niacin syntliesis. However, when a 
large amount of tryptophane is added, more than can he used 
in tissue building- because of the limited sujiply of other amino 
acids, niacin is formed in excess even in the presence of ade- 
quate dietary niacin. 

Since the diets used in this study were probably free of any 
“toxic” factors (Avitb tlie exception of the gelatin diets) it 
seems evident that the primary etiology in the jn-oduction of a 
niacin deticieney in rats is not an “anti” or “toxic” substance. 
If such factors have any role" at all it must be only a con- 
tributory one. It is to be noted that in the report by Kodicek 
et al. ( ’46) on the use of indole-3-acetic acid, the hasal diet 
used was 10.59^ ca.‘-ein plus 0.15% cystine, a diet which by 
itself would likely produce a mild niacin deficiency according 
to the data reported in this paper. 

CONCLUSIONS 

Growing- rats, maintained on a basic low-casein diet in 
which tryptophane was the chief limiting amino acid, de- 
veloped a condition characterized by growth depression, 
diminished tissue niacin levels, and diminished excretion of 
N*-methylnicotinamide. 

This condition was interchangeably corrected by either 
tryptophane or niacin. 

Deficient rats treated with tryptophane showed a marked 
increase in niacin synthesis. 

The possible mechanisms involved are discussed. 
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In the course of large scale preparation of enz].Tnatic digests 
of laetalhumin,^ it was necessary to investigate the nutritional 
quality of the product for evaluation of its probable useful- 
ness in human nutrition and as a routine control of the manu- 
facturing procedure. 

A method of rat bio-assay was devised which requires only 
2 weeks to obtain a result, requires a minimum of chemical 
analyses, satisfies the dictum that accuracy of hio-assavs is 
increased by comparing test samples with a standard sub- 
stance and simulates the conditions of the gveatest usefulness 
of protein digests in human nutrition, i.e., tissue regeneration 
after a period of negative nitrogen balance. 

Casein was chosen as the standard to which other proteins 
or protein hydrolysates were compared as it is readily obtain- 
able, inexpensive, and amino acid analyses of different 
samples have shown remarkably good agreement (Dunn et ah, 
’46). Vitamin test casein GBI * was the particular brand used! 

The basis of the assay is the comparison of the amount of 
dietary nitrogen in the form of casein with the amount of 

‘Present address: TJmversitv of Pennsylvania Hospital, Philadelphia, Pa. 
resent address: Wyeth Inc., ^Tutritional Division, Mason, Michigan 

^Lactamin, Wyeth, Incorporated, Philadelphia, Pa. 

General Biochemicals. Inc., Cl.agrin Falls, Ohio, 14.3^^ nitrogen. 
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other forms of dietary nitrogen per 24 hours required to main- 
tain an adult rat for 1 week with no loss or gain in body 
weight, after a preliminary period of 1 week on a protein-free 
diet, caloric intake being held constant. The nutritional quality 
of the nitrogen source being tested is then numerically ex- 
pressed by the ratio of the weight maintenance level of casein 
nitrogen over that of the nitrogen source being tested, casein 
nitrogen being assigned a nutritional index of unity. 


EXPERIJIENTAL 

Test procedure 

After completion of preliminary experiments tiie procedure 
adopted was that described in the following paragraphs. 

Seventy or more male AYistar rats of approximately the 
same age, weight and previous history were selected for assay 
groups. The weight varied from 180 to 300 gni. In any one 
test the variation between the weights of the rats was within 
50 gm. 

The rats were individually caged in a constant temperature 
room maintained at 23° rt 1°C. Weighed amounts of food 
were fed in containers which could not be easily upset. Any 
.spilled food was recovered, weigked, and an equivalent 
amount given to the rat at the next feeding. Any rat that per- 
sistently spilled his food was excluded. Water was supplied 
ad libitum. Separate supplements of 25 ng thiamine hydro- 
chloride, 40 Mg riboflavin, 25 Mg pyridoxine, 100 Mg calcium 
pantothenate and 20 mg of choline chloride were given daily 
and 1 mg of a-tocopherol and 0.3 mg of vitamin K once 
weekl}^ The feeding and weighing of the rats were done at 
the same hour every day. 

The assay interval consisted of 2 periods — the depletion 
period and the test period — each of 1 week’s duration. The 
daily allowance of ration, hence caloric and nitrogen intake, ’ 
was fed in amounts proportional to the average surface area 
of the test animals at the start of the assay. The amount of 
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the diet to be fed ^vas calculated to the nearest gram on the 
basis of 2.35 gm (11 cal.) per square decimeter of surface area. 
Surface area = 11.36 X weight (Carman and Mitchell, ’26). 

The diet fed during the T-day depletion period had the fol- 
lowing composition : cerelose 79, hydrogenated cottonseed oil 
15, salt mixture 1 (U.S.P. no. 2) and cod liver oil Tj.S.P. 
On the eighth day, the rats received the usual amount of 
protein-free diet at 9 a.m. At 11.00 a.m- the rats were weighed 
and at the same time any uneaten food removed from the 
cage. This procedure was found to give the most consistent 
weights. Some of the rats had eaten their ration udthin the 
first few hours on the previous day and consequently Avould 
have been in a fasting state unless fed on the following 
morning before tbe time of weighing. 'Without this additional 
feeding the weights of the rats varied considerably, depending 
on how rapidly the diet on the seventh day had been consumed. 
The weight loss Avith this procedure in 12 groups of 70-100 
rats A'aried from 8.6% ± 2.1% of the original weight. In any 
single experiment the average deA'iation was ± 0.7%. 

Sixty-fiA'e of the depleted animals, selected on the basis of 
conformity to the average weight drop, food habits in regard 
to food spillage and consumption of all the diet, were divided 
by Aveight into 13 groups of 5 each. "With these 13 groups, 
3 test substances and a casein standard could be compared. 

One group of 5 AA-as continued on the protein-free diet. 
Three groups of 5 A\’ere fed diets containing 0.36, 0.72 and 
1.08% casein nitrogen which is equiA'alent to 2.5, 5-0 and 
7.5% casein. The remaining 9 groups received equivalent 
amounts of nitrogen obtained from each of the 3 protein 
materials being tested. These nitrogen levels Avere chosen 
because under the conditions of the experiment the Aveight 
change Amines obtained Avere found to fall in a suitable range 
for interpolation of the value of the amount of nitrogen fed 
daily Avhich AA'ould cause neither loss or gain from the depleted 
Aveight. 


* Cri^co. 
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The dried lest snbstaiicos ® "were incorporated into the 
protein-free diet at the expense of the cerelose, so that all 
diets were very nearly iso-caloric, containing 47 cal. per grn 
of diet. 

These diets were then fed on the eighth day at about 2 p.ni., 
several hours being required to divide the rats into groups, 
and from then on for 6 more days. On the fifteenth day the 
animals were fed at 9:00 a.si and weighed finally at 11:00 a.m. 
The rats were returned to the stock diet, supplemented with 
whole milk powder, for 2 or 3 weeks before being used for 
assay. 

A plot was made of the change in weight of each group from 
the end of the depletion period to the end of the test period 
against the milligrams of nitrogen fed daily. The amount of 
nitrogen of each protein or digest necessary to maintain a 
constant weight in the depleted rats was taken from the 
graph ; this was the point at which the curves crossed the point 
of zero weight change. Nutritional indexes were then cal- 
culated. 

Preliminary experiments 

The weight changes of protein-depleted rats fed various 
levels of casein were investigated. Seven groups of 5 rats 
each (average Aveigbt, 220 gm) were depleted of protein for 
1 Aveek. One group Avas continued on the protein-free diet, the 
other 6 groups received 10 gm of diets containing respectively, 
0.29, 0.57, 0.86, 1.15, 1.43 and 1.72% casein nitrogen. The 
groups Avere Aveighed daily for the next 12 days and the 
aA'-erage daily Aveight change from the Aveight at the end of 
the depletion period Avas plotted against the daily nitrogen 
intake. The curAms for seA'eral of the days are presented in 
figure 1. It maj^ be seen that an approximatelj’- straight-line 
relationship AAms obtained in the regions of Ioav nitrogen 
intake. The amount of daily nitrogen sufficient to maintain a 
constant AA’^eight Avas interpolated from each curve. Values 
obtained on the fifth to the tAvelfth days (excluding the tenth 

^ Hydrolysate solutions presented for assay vrere dried from the frozen state. 
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day) were 82, 85, 80, 78, 79, 80 and 81 mg of casein nitrogen 
(average 80.8) required per day for weight maintenance. Since 
a constant value was obtained from at least the fifth day on, 
It was decided that a 7-day test period would be of sufficient 
duration. 

The validity of body weight changes, as a measure of 
protein nitrogen utilization under the conditions described 
in the above section, was investigated by a series of nitrogen 
balance studies patterned after those used by Melnick and 



INGESTED NITROGEN MG/DAY/DM' 

Fig. 1 The weight change of protein-depleted rats fed varying amounts of 
casein nitrogen. (The number in the parenthesis indicates the number of days 
of feeding.) 

Cowgill (’37) in the determination of the minimal protein 
requirement for the establishment of nitrogen equilibrium in 
dogs. Rats from groups being fed casein diets were placed in 
metabolism cages and urine and feces were collected for the 
last 4 days of the assay test period. The average nitrogen 
balances for the 4-day periods and average changes in weiirht 
during the test period were plotted against daily nitrogen 
intake. The results of the typical experiment, presented in 
figure 2, show close positive correlation between nitrogen bal- 
ance and body weight change with respect to daily nitrogen 
ingestion, hence it may be assumed that the weight changes 
observed are valid criteria of comparative nitrogen utiliza- 
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tion. Ill all experiiiieiiis, the daily amount of nitrogen required 
for nitrogen balance equilibrium was less than necessary for 
weight maintenance. 



Fig. 2 The relationsliip of iiitrogon l)iilancc and body wciglit clinngc of protein 
depleted rats to ingested casein nitrogen. (Kaeh point is an average of 5 values.) 


TABLE 1 

Asso}/s of individual proicinfi and digests. 


rnoTHiN' oi: nioKST nutrition ai. indfx 


* 

Casein (S^fACO vitamin tost) 

1.00 


Lactalbumin (Lnbco) 

1.61 ±0.08* (C) = 


Pancreatic digest of lactalbumin 

1.44 ± 0.07 (13) 


Crystalline Edcstin 

0.78, 0.73 


Casein + 2% dl-methionine 

1.61 


Pepsin digest of liver protein 

1.18 


Equal parts of casein and lactalbumin 

1.24 


^ Average deviation. 

^ Number of determinations in parentheses ; otherwise 1 determination. 


RESULTS 

The assay procedure described was used routine^ to evalu- 
ate the nutritional quality of commercial batches of pancreatic 
digests of lactalbumin. The digests were found to be of uni- 
fox’m nutritional quality (table 1). In table 1 is also pre- 
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sented a list of nutritional indexes found for several other 
proteins and protein digests bv this method of assay. 

The results of a typical assay are presented in figure 3. 
In this assay a sample of lactalbumin digest, undigested lactal- 
bumin, and a sulfuric acid hydrolysate of casein were com- 
pared with the casein standard. The daily amounts of nitrogen 
required for weight maintenance in mg/day/dm= were casein 
20.9, lactalbumin 12.6 and lactalbumin digest 15.8, respectively. 
The nutritional indices were calculated to be 1.58 for lactalbu- 



Fig, 3 Bodj weight change of protein-depleted rats when fed varring levels 
of casein, lactalbumin, pancreatic digest of lactalbumin and acid hydrolysate of 
casein, o — casein (curve 2) ; pancreatic digest of lactalbumin (curve 1) ; 

X — lactalbumin (curve 3); acid hydrolysate of casein (curve 4). 

min and 1.39 for lactalbumin digest. In this and other tests the 
enzymatic digests of lactalbumin, either commercial or labora- 
tory preparations, while always nutritionally superior to 
casein, were found to be inferior to undigested lactalbumin. 

The weight change curves are typical of the results con- 
stantly obtained (higher nitrogen intake causes increase of 
weight) except in the ease of the > '’d hydrolysate of casein. 
This product, fed in a small amount (approximately 10 mg 
N/dm=/day), does not cause a weight loss as large as does 
a diet entirely devoid of protein nitrogen; however increasing 
amounts of nitrogen lead to a progressively greater weight 
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loss. From these results it would seem possible that a large 
amount of protein hydrolysate nitrogen deficient in 1 or more 
amino acids would he more harmful to the animal tlian a diet 
entirely free of nitrogen. Such an effect has been reported by 
Frazier et al. (’47) who employed experimental diets com- 
jjosed of mixtures of crystalline amino acids. 

In the course of this investigation 4 large groups of rats 
were maintained for assay purposes. Each group was used 
for 2 or 3 assays before being discarded. One group was 
subjected to 6 successive assays to determine if the increasing 
age and weight of the animals and repeated stresses of the 
procedure would affect the value obtained for the amount of 
casein nitrogen required for weight maintenance. 

In table 2 are presented the experimental values obtained 
for casein and lactalbumin using the various assay groups. 
The weight maintenance level of nitrogen was Jiot found to be 

TABLE 2 


'Kiirogcn requirement far weight maintenance of raifi gartiaUn 
depleted of protein* 



srooESsm: 

AVKRAfir 

DA1L.Y RATION* 

>ro n'/pay/dm.* 

OROUP 

ASSAYS 

AT DKPIATIOS' 

ARROWAKCE 

Casein 

Lactalbumin 



pm 

pm 



I 

1 

189 

10 

21.2 

. . . 


2 

205 

10 

21.0 

... 


3 

221 

11 

20.9 

12.6 

II 

1 

175 

10 

25.0 

« # • 


2 

197 

10 

22.6 

. . . 


3 

210 

10 

24.1 

13.3 


4 

228 

11 

22.8 

• • • 


5 

236 

12 

20.1 

p • • 


6 

254 

13 

21.6 

13.3 

III 

1 

208 

10 

20.0 

13.1 


2 

224 

11 

20.1 


IV 

1 

168 

10 

20.6 



2 

228 

11 

20.2 

12.9 

Average 




21.6 ± 

12.9 0.4 


1.1 
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dependent on the group of rats used or to he affected hr the 
number of times up to 6 that the group has been used. The 
average value of all the determinations vas 21.6 zt 1-2 mg of 
casein nitrogen/day/dm^. The average value for lactalbumin 
was 12.9 ±0.4. The average deviation of approximately 
± 5% indicates that under these experimental conditions con- 
sistent results may be obtained. 

DISCUSSIOX 

By subjection of the assay animals to a state of protein de- 
pletion, a condition is created which simulates that present 
in human patients requiring dietary protein therapy. De- 
pletion of the rats’ body stores of protein and the feeding of 
dietary protein at sub-optimal levels probably enhances the 
sensitivity of the assay, since the nutritional economy of the 
animals would require that the protein nitrogen be maximally 
utilized for the more essential processes of tissue maintenance. 
Under these conditions the responses produced by proteins 
or digests of different nutritional characteristics are empha- 
sized. The response produced by each test sample is com- 
pared with that produced by a casein standard, thus 
neutralizing extraneous factors and allowing less exact speci- 
fications of the weight, age and breed of the rats employed. 
Since the response is evaluated with respect to the amount of 
nitrogen fed, the nutritional index is a measure of the diges- 
tion, absorption and utilization of the protein test substance. 

Each group of rats may he used for several assays, pro- 
vided a repletion period of 2 or 3 weeks is permitted between 
assays. The increasing size of the animal in subsequent assays 
is compensated for by increasing the daily dietary caloric and 
protein nitrogen allowance and by calculating the nitrogen 
maintenance requirement on the basis of surface area. The 
simplicity of the method recommends it for routine assay 
purposes. The 2-week assay period is relatively short for an 
animal assay. The only manipulations are those of weighing 
the rats and the daily rations; chemical analysis is limited 
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to tliat of the determination of nitrogen in casein and in the 
proteins or protein digests being tested. 

SmiMABY 

An assay for the evaluation of the nutritional quality of 
proteins and protein digests has been described. The assay is 
based on the determination under standardized conditions of 
the amount of fed protein or protein digest nitrogen necessary 
daily to maintain a constant weight in adult rats that have 
been partially depleted of body protein. Eats are fed a pro- 
tein-free diet for 1 week; various groups are then fed vary- 
ing levels of each test sample for the second week. The daily 
allowance of ration is x^roportional to the average surface area 
of the rats. By plotting body weight change during the second 
week against daily nitrogen intake, it is possible to inter- 
polate the amount of nitrogen necessary to maintain constant 
weight in the partially depleted animal. Each test substance 
is evaluated by comparison with a casein standard. 
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The riboflavin requirements as veil as tbe symptoms of 
riboflavin deficiency bave been desci’ibed for many species of 
laboratory animals. Bessey and Wolbacb (’39) reported in 
some detail tbe cutaneous and ocular lesions sbo.vn by rats 
deficient in this vitamin. In tbe same year Street and Covgill 
(’39) published results obtained with dogs maintained on a 
synthetic, riboflavin-deficient diet. These vorkers found that 
a daily supplement of 25 ag of riboflavin per kg of body veigbt 
would maintain dogs in apparent good health for a consider- 
able period of time. Lippincott and Morins (’41- ’42) and 
Morris and Robertson (’42- ’43) studied many aspects of tbe 
problem using mice of tbe CgH strain (highly susceptible to 
spontaneous mammarj- tumors). Prom a clinical viewpoint 
the monkey is a most interesting experimental animal. Por 
this reason especially tbe work of Coopemian et al. (’45) 
deserves attention. These workers bave concluded that tbe 

'This TTOi'k Tvas supported liy a grant from the American Cancer Society on 
recommendation of the Committee on Grovrth of the National Eesearch Council. 
Some of the early experiments irere carried out -with funds from the Nutrition 
Foundation, Inc., and the .\nna Fuller Fund. 
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monkey requires 25 to 30 pg of riboflavin per kg of body 
Aveigbt, figures in good agreement ■with those of Street and 
Cowgill (’39) for the dog.' Cooiierman et al. (’45) have de- 
scribed the cutaneous and ocular changes seen in the ribo- 
flavin-deficient monkey. They also reported lowered red and 
white cell counts and hemoglobin levels. Kornberg, Daft and 
Sebrell (’45) described similar blood changes in riboflavin- 
deficient rats. It is rather interesting to note that the blood 
picture of the monkey could be restored to normal more 
readily when riboflavin was administered together with whole 
liver, and that in the rat the red cell count could be restored 
Avith riboflavin but that the granulocytopenia responded best 
to folic acid. Finally, Bird and associates ( ’46) have deter- 
mined the riboflavin requirement of chicks and poults to be, 
respectively, 2.75-3.25 and 3.25-3.75 jjg jier gm of food. 

The mouse has long been known as an ideal laboratory 
animal for studies in genetics, cancer, infectious diseases, 
serologj', etc. Yet by comparison Avith the rat very little is 
IcnoAATi of the specific nutritional requirements of the mouse. 
The need for quantitath^e information concerning the demand 
for riboflavin is enhanced by the possible relation of this 
vitamin (along Avith others, of course) to the cancer problem. 
The protectee action of riboflavin against liver tumors in- 
duced by azo dyes has been demonstrated by Miller and 
associates (’41) and by Sngiura and Kensler (’41). Wliile 
most of the azo dye work has been done with rats, due to 
the peculiar susceptibility of this species, one must consider 
the possibility that riboflavin may exert a similar protecthm 
action in the mouse, AA’^hich is susceptible to o-amino-azotoluene 
as shoAvn by Andeiwont and EdAAmrds ( ’42- ’43) and by Kirby 
(’45). Morris and Robertson (’42- ’43) haA^e studied the re- 
tarding effect of riboflavin-deficient diets on the growth of 
spontaneous mammaiy tumors. 

In vieAv of the need for precise information about the nutri- 
tional requirements of mice it Avas decided to study their rates 
of gTOAvth on several sjmthetic diets differing only in their 
content of riboflavin. Since Rogers, McElroy and CoAvgill 
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(’42) had noted the existence of strain differences in the 
nutritional requirements of mice, this investigation was car- 
ried out with 2 highly inbred strains — Cr,7 (low incidence of 
spontaneous mammary tumors) and A (high tumor in- 
cidence). 

EXPERIMENTAL 

Five synthetic diets differing only in their riboflavin con- 
tent were used in this study. Diet 120 had the following per- 
centage composition: “vitamin-free” casein 30, hydrogenated 
cottonseed oil “ 15, roughage ® 3, salts ^ 7, dextrose C.P. 45, 
linoleic acid 0.41, and cod liver oil concentrate ® 0.30. Each 
100 gm of ration also contained the following vitamins : a- 
tocopherol 9 mg, choline 150 mg, inositol 100 mg, p-amino- 
benzoic acid 100 mg, calcium pantothenate 3 mg, nicotinic acid 
1 mg, thiamine 0.5 mg, and pyridoxine 0.5 mg. 'Wliile no ribo- 
flavin was added to this basal ration, it was found by fluoro- 
metric assay to contain as trace contamination 0.03 mg of this 
vitamin per 100 gm of diet. The other 4 rations used here 
differed from the basal in containing the following added ribo- 
flavin per 100 gm : no. 121 diet 0.2 mg, no. 122 diet 0.4 mg, no. 
123 ration 0.6 mg, and the no. 124 diet 1.0 mg. 

A total of 108 male mice of the €57 and A strains, weaned 
when 21 days old, were used in these studies. The animals were 
placed in individual screen-bottom cages and fed diet 120 
(“riboflavin-free”) for 1 week. At the end of this depletion 
period they were divided into 5 groups which were fed, re- 
spectively, diets 120, 121, 122, 123, and 124. Care was taken 
to distribute litter mates as uniformly as possible. The cages 
were kept in an air-conditioned room maintained at 75°F. and 
50% relative humidity. The animals were weighed daily (with 
a few exceptions in the early phases of the experiment). 

To determine the effect of riboflavin-low diets on adult 
mice, males of the C57 strain (16 to 18 weeks old, raised from 

* Crisco. 

* Ruffcx. 

^ Sure Salts no. 2, 

’•'Wlnlo's Cod Liver Oil Concentrate Liquid. 
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weaning on a synthetic diet high in riboflavin and similar 
in composition to no. 124) were placed on diets 120 and 121. 
These animals were weighed once a week. 

In a number of instances food consumption was measured 
by placing 4.0 gm of the diet in a half-ounce glass jar into 
the cover of which a hole of i|-inch diameter had been cut. 
A circular piece of I-inch mesh wire screen was laid loosely on 
top of the food. This piece was -small enough to sink freely 
toward the bottom of the jar as the food was consumed. The 
entire jar assembly was placed in a 150-ml beaker. Usually 
in the course of 24 hours some food was spilled into the 
beaker and was weighed together with the residue in the cup. 
In another series of experiments it was found that food 
spillage outside the beaker was ordinarily so small as to be 
completely insignificant. 

Red and white cell counts were done on blood obtained by 
clipping the tip of the tail ; hemoglobin was determined by the 
alkaline hematin method with the aid of the Eveljm photo- 
electric colorimeter (Evehm, ’36). Riboflavin determinations 
on muscle and liver of 70 animals were carried out by the 
method of Peterson, Brady and Shaw (’43). 

RESULTS 

A distinct strain difference became apparent in the growth 
response to the riboflavin-free diet during the 1 -week deple- 
tion period. Mice of the C.-.t strain gained weight steadily 
during this interval while A strain mice gained less weight 
and even showed some weight loss before the end of the 
depletion period. In the first group of experiments (fig. 1 A) 
maximal growth was obtained with the C 57 strain when the 
diet contained 0.4 mg of riboflavin per 100 gm of diet ( shovm 
graphically as open circles). On the other hand the A strain 
showed maximal growth only at a riboflavin level of 0.6 mg 
per 100 gm of diet (open triangles). In figure 1 A the results 
with diets 123 and 124 (0.6 and 1.0 mg level) were combined 
since they were identical. 
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To test further the apparent strain difference in riboflavin 
requirement more mice of both strains were placed for 1 week 
on the riboflavin-free diet (no. 120) after which they were fed 
diets 122 or 123 (0.4 and 0.6 mg of riboflavin per 100 gm of 
diet, respectively). The results are shown graphically in 
fio-ure IB. The response of the 2 strains to the depletion 



Fig. 1 Weights during the 7-day depletion period (the ends of Tvhich are 
indicated by arrovcs) are averages of all comparable groups regardless of subse- 
quent riboflavin levels. The graphic symbols are as foUoTvs: diet 120 XXX; 
diet 12100%; diet 122 000; diets 123 and 124 combined diet 

123 000. P values Tvere calculated on the baris of total vreight gains above 
the vreaning vreights, Mice sho'wn in figure 1 A -were foUoTved until 70 days 
old, those in figure IB until 50 days old. 


diet was identical with that observed in the first experiments 
(fig. 1 A). Mice of the C57 strain again grew equally well on 
diets 122 and 123 while A strain animals grew better on the 
diet with the higher riboflavin level. In these experiments, 
however, the difference was small though significant as seen 
by tbe P value calculated for tbe respective increase in weight 
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from age 21 days to 50 days. To determine tlie reason for 
the large difference seen in figure 1 A and the small difference 
in figure 1 B shown by strain A on diets 122 and 123 these 
animals were grouped according to weaning weight (fig. 1 C). 
The animals fell into 4 groups: 7-7.9, 8-8.9, 9-9-9, 10 to 
10.9 gm. In all 4 groups the animals receiving the higher 
riboflavin level gTcw better, hut the difference is not sta- 
tistically significant for the 2 gToups of greatest weaning 
weight. 

The efficiency with which the A strain mice utilized the 
various diets for body weight gain is shown in figure lE. 
The first point of each line represents the ratio of weight 
gain to food consumption during the initial week on the 
I’iboflavin-free depletion diet (no. 120). The final point on 
the line is the ratio computed for total weight gain and food 
consumption in the second and third weeks of the experiments 
dui’ing which the animals received diets of varying riboflavin 
content. The mice which were continued on the riboflavin-free 
diet showed during the second and third weeks of the experi- 
ments less weight gain per gm of food consumed (the ratio 
is actually slightly negative since the animals lost weight). 
On diets 122 and 123 the weight gain per gm of food con- 
sumed was greater than during the depletion period. IMice of 
the C57 strain showed a considerably greater weight gain 
per gm of food consumed during the depletion week than did 
animals of the A strain. 

IVhen adult male C57 mice were fed the riboflavin-free diet 
(no. 120), they continued to gain weight for a short time. 
Soon, however, they slowly declined in weight and graduallj’’ 
showed the lesions characteristic of riboflavin deficiency. Dur- 
ing the eleventh week on this diet the weight loss became much 
more pronounced and during the tenth week the first death 
in this group occurred. Adult mice fed diet 121 continued to 
gain weight slowly. These results are plotted in figure 1 D. 

The riboflavin content of muscle and liver is shown in 
table 1 together with red and white blood cell counts and hemo- 
globin levels. It is interesting to note that the A strain ani- 



BIBOFLAVIX REQtriEEIMEN'TS OF jMICE 


279 


mals slio-wed practically identical tissue riboflavin levels and 
blood pictures on diets 121, 122, and 123. On tbe other hand 
the C57 strain reared on diet 121 had distinctly lower tissue 
riboflavin levels than when raised on diet 123. The Cm mice 
on diet 121 also had lower red cell counts than did comparable 
animals on diets 122 and 123. The adult Cm mice maintained 
on diets 120 and 121 had the lowest red cell counts, hemoglobin 
levels and muscle and liver riboflavin concentrations of all the 
gi-oups studied. 

TABLE 1 


CompiJaiion of data on Wood counts and the riboflavin 
content of muscle and liver. 


STRAIK 

DIET 

CEDIj cotj^tts 

HEMO- 

OIjOBIX 

To 

EiBorLivn? 
fiO/G^t WET TIS^TE 

muscle liver 

BBC 

X 10’ 

'WBC 

xlO^ 

C 57 : voung mice 

121 

9.35(5)" 

10.2(4) 

17.4(4) 

3.5(5) 

25(4) 


122 

9.97(13) 

9.3(12) 

16.9(13) 

4.4(14) 

30(14) 


123 

10 . 02 ( 11 ) 

7.3(11) 

17.1(11) 

5.3(11) 

32(11) 

A : young mice 

121 

9.23(6) 

6.7(6) 

1.5.1 ( 6 ) 

6.0(7) 

33(6) 


122 

8.9S(19) 

6.6(18) 

15.1(18) 

6 . 0 ( 12 ) 

33(14) 


123 

9.02(17) 

7.8(16) 

1.5.1(17) 

5.0(8) 

33(7) 

CsT » adult mice 

120 

7.01(12) 

6 . 8 ( 11 ) 

13.1(4) 

■11 



121 

8.4S(7) 

8.5(7) 


Wmm 



' The numerals in parentheses indicate the number of determinations. 


DISCUSSION 

The relationship between weaning weight and the subse- 
quent requirement for riboflavin emphasizes the importance 
of careful nutritional standardization of the breeding colony, 
^linimal variations in the weaning weights of mice may be 
expected when the breeding stock is maintained on a near- 
optimal diet. In our efforts to accomplish this we have, how- 
ever, been struck by the cost of such rations when compared 
with commercial feeds which all too frequently cannot be 
called optimal. Our findings with respect to the importance 
of weaning weights are supported in part by the report of 
Sherman and Ellis (’39) that the progress of young rats on 
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riboflavin-deiicient diets depended xipon the maternal ribo- 
davin intake even though fin’s intake was 3, 7 or 10 times the 
minimal requirement. Clandinin (’46) found that the early 
growth rate of chicks was influenced hy the maternal riboflavin 
intake. Although all animals in our breeding colony received 
tlie same ration, it may well be that the individual differences 
in lactation efficiency, which gave rise to different weaning 
weights of the young, were also reflected in different concen- 
trations of riboflavin in the tissues of tlie young. Varying tissue 
vitamin levels at the start of the experiment may be expected 
to give rise to different grovffh rates especially on diets con- 
taining marginal or submarginal levels of riboflavin. 

The reduced food intake of mice on riboflavin-deficient diets 
has been pointed out by Morris and Robertson (’42- ’43) and 
others. In agreement with our results (fig. IE) klannering 
and Elvehjem ( ’44) have reported poor utilization of such 
deficient diets for growth and maintenance. It is interesting 
to note that C07 strain mice on diet 122 (which just gives 
maximal growth on this tj’pe of ration) ingested in the neigh- 
borhood of 500 ug of riboflavin per kg of body weight per day 
— which is roughly 20 times the level reported for the dog 
and the monkey. Such a difference in the per kg requirement 
of riboflavin for 2 species differing widely in body size agrees 
well with the calculations of Cowgill (’32) for the thiamine 
requirement. 

The loss of body weight of adult mice kept on riboflavin- 
deficient diets for 9 weeks was found by Morris and Robertson 
(’42- ’43) to be about one-third of the initial weight of C-H 
animals. The loss shown by our Or,7 adults was found to he 
somewhat less. We have observed, however, in unpublished 
experiments that A strain mice under such conditions lost 
weight more rapidly than C.r,7 animals. It maj’- or may not 
be significant to mention that both the A and Cgll strains 
show high incidence of spontaneous mammary tumors 
whereas the C57 strain does not. The lesions we have observed 
have been adequately reported by Langston, Day and Cos- 
grove (’33), Lippincott and Morris (’41-’42), and by Jones 
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et al. (’45), and tlierefore the description need not he re- 
peated here. 

We have observed that A strain mice generally show lower 
cell counts than do Cr,7 mice. One may therefore consider all 
of the cell counts of the A strain on diets 121 , 122 and 12.3 
to be normal. On the other hand the red cell counts of yoimg 
CsT mice were definitely lower on diet 121 than at higher 
riboflavin levels. The close parallelism between liver ribo- 
flavin concentrations and red cell counts does not necessarily 
suggest a causal relationship. The amount of the vitamin per 
gm of liver reflects probably the quantity of riboflavin avail- 
able for functions such as red cell fonnation. It is a matter of 
speculation whether the lower tissue riboflavin content of C— 
mice on diet 121 was due to the fact that these animals showed 
fairly rapid growth on this diet whOe the A strain showed 
only poor growth. This slower growth rate of the A strain 
may possibly leave more riboflavin available for red cell 
formation and permit greater tissue saturation at the lower 
levels of dietary riboflavin. 

The strain differences which we have observed here with 
respect to the riboflavin requirement for growth, red cell 
formation, and tissue saturation do not necessarily have a 
direct bearing on the cancer problem. It would be premature 
to say that the higher vitamin requirements of the A strain 
determine its cancer susceptibility. It is, however, clearly 
evident that these observed differences may reflect diverse 
metabolic patterns, using the term in the widest possible sense, 
the sum total of which causes one strain to be cancer resistant 
and the other cancer susceptible. 

STJM1I.A.RT AND CONCLUSIONS 

1 . The riboflavin requirement of 2 highly inbred strains of 
mice has been studied by measuring growth rates at various 
dietaiy levels of the vitamin after a 1-week depletion period. 

2. Ivlice of the C57 strain showed maximal growth under the 
conditions of these experiments when the diet contained 
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0.4 mg' of riboflavin per 100 gin, while the A strain required a 
dietary level of 0.6 mg. 

3. At an 0.2 mg level Cr ,7 mice had lowered red cell counts 
and muscle and liver riboflavin content, while the A strain 
showed no such difference. 
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The addition of methionine to a casein hydrolysate, or to a 
diet of mixed proteins does not increase the efficiency of 
nitrogen utilization in man (Cox et al-, ’47; Johnson et ah, 
’47). Since such an addition to intact casein does improve 
nitrogen utilization in other species (Osborne and ^Mendel, 
’15), and since the processing to which a hydrolysate is sub- 
jected during the manufacturing process may cause it to 
differ from the oi'iginal. protein, it is essential to determine 
the nutritive value of whole casgin for man, and to compaj’e 
it with that of lactalhumin. 

EXPEBIMEXTAL OBSERVATIOXS 

The casein and lactalhumin employed in the study were 
commercial products.^ Analyses for various constituents are 
summarized in table 1. The casein showed the expected defici- 
ency in cystine but its methionine content and the cystine and 
methionine content of the lactalhumin, when corrected to a 
16% nitrogen basis, agreed closely with the values given by 
Block and Bolling (’45). Each protein was fed to 20 rats at 

' Sheffield Farms. 
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an intake level of 1.2% nitroyen and the diiTerence in growth 
rate (table 1) clearly indicated that the saniijles were repre- 
sentative of casein and lactalbnmin. 

The study was made on 4 adult male volunteers: 3 lahora- 
torj' workers and 1 clerical woi’ker. All were found normal on 
the usual clijiical examination, and continued their usual 
duties during the study. One subject contracted an epidemic 


tabi.t: 1 

AjiaJiftic comparison of casein and lactaibnmiru 



CASK IN 

TACTAI.ni’MlN 

Total nitrogen, % * 

1:1.40 

12.31 

Ash, 7c ' 

1.77 

9.05 

Fat, % * 

1.47 

.58 

Calcium, % * 

0.1. s 

O.IS 

Phosphorus, % * 

0.80 

O.IS 

Lactose, % ' 

0.4 

0.0 

Cystine, % " 

0.2 

0 0 

Methionine, Vf ^ 

2.8 

0 0 

Growth of rats, gm/day * 

LOG 

2.74 

Gain in wt. per gm X ingested 

1G.7 

21.9 


' We ;irc indebted to ^Tr. L. N. BeMillcr for these niinlvses. 

' We nre indebted to Dr. D. D. Morris for this deterniin.ntion. 

^Annljsos by Food Fesenrcli Laboratories, New York. Cvstine w.ns deterininod 
by a colorimetric procedure: Block and BolHn|:j (M.o) ; see p. 152. ^tethioiiinc was 
determined by a microbiological procedure ; Stokes et al. (M5). 

* Average for 20 rats on each protein fed at level of 1.2% nitrogen for S weeks. 
Diet: Lard, 9; salt mixture, 4; cod liver oil, 2; wheat gorm oil, 1; vitamin mix- 
ture, 0.2; casein or lactalbumin, 8.92, 9.75; dextrin to make 100. 


infection (“influenza”) during the last period on lactalbumin, 
and it was necessary to terminate his part in the study. The 
subjects were depleted of their protein stores for a iDoriod of 
12 days, since in an earlier study (Cox et al., ’47) a 21-day 
protein depletion had demonstrated that a steady state of 
minimal nitrogen excretion was reached in 8 days, and that no 
good purpose was to be achieved by longer depletion. The 
protein depletion diet of IMueller, Fickas and Cox (’43) was 
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employed; the nitrogen intake from the low-nitrogen vege- 
tables and fruits was limited to 0.008 gm nitrogen per kg; and 
the caloric intake was maintained at 40 cal. per kg body weight. 
The nitrogen content of coffee and the soft drink used was not 
considered in the intake and was subtracted from the urinary 
nitrogen. 

A level of supplementation insufficient to produce nitrogen 
retention was intentionally chosen. It was thought that a 
continued small loss of nitrogen was preferable to retention 
for comparative purposes, since we wished to insure a maxi- 
mal utilization of the ingested protein and maintenance of a 
reasonably steady condition of nitrogen storage. A further 
reason was that if positive balances should not he attained, 
the depletion periods could he used to calculate an average 
endogenous excretion. The supplementation level was 2% of 
the calories as the added protein, or 0.033 gm nitrogen per kg. 
This was 80% of the total protein intake, since 0.008 gm nitro- 
gen per kg came from the basal diet. 

In order to rule out the effect of antecedent conditions, each 
protein was fed alternately for two 4-day periods and each 
supplemented period was followed by a 4-day depletion 
period. Thus, there were 4 depletion periods of 4 days each 
from which the average endogenous urinaiy and fecal values 
could be calculated. It was feasible to use all of the depletion 
periods for this purpose since no storage of nitrogen occurred 
during supplementation. 

Daily determinations of caloric and nitrogen intake (based 
on analyses of the actual foods employed), and urinary and 
fecal nitrogen were made. The standard macro-Kjeldahl 
method was employed for nitrogen, and the fecal samples 
were prepared for analysis by stirring with concentrated 
sulfuric acid. 

The essential intake and excretion data are given in detail 
m table 2. The daily balance detenninations have been aver- 
aged for the 4-day periods. It is readily apparent from the 
balance column that in none of the periods do the 4 daily 
balance values differ from the average value more than mijjht 
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TJrinarii and fccnl nitrofjcn excretions and balance during 12 dags grotexn depletion and 
supple mcntalinn xviih casein and Jactalbumin, Values arc in grarnSs 
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aoii 
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Day 

Period 


Diiy 


Urine 

Fccos 

Urine 

IVces 

Urine 

reces 

Urine Feces 




1 


11.84 

2.58 

6.78 

1.13 

7.82 

0.21 

6.88 

1.15 

—8.94 



o 


.5.82 

0.88 

4.82 

1.13 

1.96 

1.35 

3.88 

1.23 

—4.60 



o 


5.02 

0.78 

3.71 

0.28 

3.91 

1.49 

3.12 

1.49 

-^.47 



4 


4. .56 

2.52 

3.65 

0.28 

3.64 

1.36 

3.02 

0.72 

—4.30 


Period 

(1) 

Av. 

O.OG 

1.69 

4.74 

0.71 

4.34 

1.10 

4.23 

1.15 


—5.58 


«*) 


4.31 

0.G6 

3.53 

0.28 

3.65 

1.78 

2,88 

1.16 

—3.92 



G 


4.40 

0.6G 

2.86 

2.50 

3.70 

1.78 

2.82 

1.36 

—4.38 



7 


3.41 

1.19 

2.98 

1.47 

3.07 

1.02 

2.67 

1.13 

—3.60 



8 


3.09 

1.70 

2.14 

0.57 

2.59 

1.12 

2.81 

0.91 

—3.09 


Period 

(2) 

Av. 

3.80 

1.05 

2.88 

1.21 

3.25 

1.43 

2.80 

1.14 


— 3.75 


9 


3.07 

2.1 2 

2.10 

0,57 

2.57 

1.46 

1.92 

O.SO 

—3.02 



10 


.3.32 

0.90 

2.20 

0.57 

3.11 

1.44 

2.57 

1.02 

—3.09 



11 


3.24 

0.77 

2.35 

0.57 

2.94 

2.49 

2.54 

1.3S 

—3.46 



12 


3.SG 

1,47 

2.54 

0.31 

3.35 

0.70 

O 

0,63 

—3.32 


Period 

(3) 

Ave. 

3.37 

1.33 

2.30 

0.51 

2.99 

1.52 

2.46 

0.96 


—3.22 


13 


3.32 

1.28 

2.67 

1.09 

3.40 

1.83 

2.13 

0.86 

—0.91 


Zi 

14 


3.83 

0.G2 


1.09 

3.35 

1.33 

2.85 

0.70 

—0.98 


K 

15 


3.42 

0.62 

V.G2 

0.37 

3.33 

0.68 

2.98 

0.74 

—0.43 


O 

16 


3.58 

1.55 

2.88 

0.37 

3,37 

0.G3 

3.06 

0.98 

—0.84 


Period 

(4) 

Av. 

3.54 

1.02 

2.85 

0.73 

3.36 

1.12 

2.76 

0.82 


—0.79 


17 


4.05 

2 ‘^1 

3.89 

0.37 

4.05 

1.27 

2.84 

0.92 

— 1.26 



IS 


3.33 

i!i2 

2.75 

0.31 

2.54 

2.24 

2.67 

0.77 

—3.30 



10 


3.19 

1.17 

2.96 

0.31 

2.77 

1.20 

2.95 

1.00 

—3.25 



20 


3.25 

1.05 

2.87 

0.36 

2.53 

0.30 

2.19 

0.73 

—2.74 


Period 

(5) 

Av. 

3.46 

1.39 

3.12 

0.34 

2.97 

1.25 

2.66 

O.SG 


—3.39 


21 


3.19 

0.77 

2.77 

0.14 

2.45 

2.88 

3.34 

0.68 

—0.79 


-♦-» c 

oo 


3.33 

1.05 

2 72 

0.71 

2.64 

0.45 

2.98 

0.62 

—0.36 


£5 

ct ~ 

23 


3.79 

1.42 

3!oo 

0.55 

2.40 

2.95 

3.15 

1.05 

—1.31 



24 


3.42 

0.83 

2.66 

1.07 

2.94 

0.65 

3.22 

1.24 

—0.74 


Period 

(C>) 

Av. 

3.43 

1.02 

2.79 

0.62 

2.61 

1.73 

3.17 

0.90 


—0.80 


25 


3.18 

1.66 

2.46 

0.24 

2.44 

1.89 

2.45 

0.59 

—3.09 



26 


3.24 

1.79 

2.65 

1.47 

2.47 

0.77 

2.37 

0.55 

—3.19 



27 


2.70 

0.72 

2 21 

0.32 

2,38 

0.66 

2.53 

1.01 

2.49 



28 


2.69 

0.89 

2!o9 

0.05 

2.41 

0.77 

2.77 

0.79 

—2.55 


Period 

(7) 

Av. 

2.95 

1.27 

2.35 

0.52 

2.43 

1.02 

2.53 

0.74 


—2.83 


29 


2.84 

0.98 

2.18 

0.65 

3.20 

0.96 

2.36 

0.88 

—0.24 


*S 

30 


3.20 

1.52 

2.81 

0.30 

3.19 

3.04 

2.56 

0.58 

—1.04 


cn 

c: 

31 


3.49 

1.27 

2.61 

0.25 

3.39 

0.15 

2.84 

1.38 

—0.58 


O 

32 


3.95 

0.91 

2.84 

1.44 

3.25 

0.91 

2.58 

0.67 

—0.87 


Period 

(8) 

Av. 

3.37 

1.17 

2.61 

0.66 

3.26 

1.27 

2.59 

0.88 


— 0.6S 


33 


3.84 

2.03 

2.51 

0.20 

I 

1 

2.14 

0.50 

—3.13 



34 


3.51 

1.30 

2.78 

0.32 

1 

1 

2.06 

0.88 

—3.00 



35 


3.20 

1.16 

2.10 

0.32 

1 

1 

1.88 

0.38 

—2.41 



36 


3.56 

0.69 

2.25 

0.21 

1 

1 

2.56 

1.02 

— 2.82 


Period 

( 9 ) 

Av. 

3.53 

1.29 

2.41 

0.26 



2.16 

0.70 


—2.84 


37 


3.53 

1.27 

2.46 

1.36 



2.58 

0.90 

—0.90 


a 

38 


3.75 

1.57 

2.39 

0.36 



2.51 

0.72 

—0.63 


B 

a J3 

39 


4,12 

1.75 

2.23 

0.57 


* 

2.54 

0.82 

—0.87 


vJ ^ 

40 


4.17 

0.80 

2.34 

0.26 



2.64 

0.59 

—0.46 


Period 

(10) 

Av. 

3.89 

1.35 

2.36 

0.64 



2.57 

0.76 


—0.71 


‘Data omitted because subject contracted ' influenza on thirty-seventh day. Average 
balance for the 4 days 'vvas — 2.99 gni. 
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have been expected. Maximum variation is seen in period 6 
(lactalbumiii) and period 8 (casein). Even these daily varia- 
tions, however, are slight. MTien the data are averaged for 
each subject, the similarity in performance of the 4 men is 
even more apparent (table 3). A comparison of the individual 
balances during the supplemented periods shows that during 
both casein periods the 4 subjects had very uniform values, 
but that both lactalbumiii periods were characterized by some- 
what more variation between individuals. None of the varia- 
tions were sufficiently large to change the interpretation. The 
uniformity between mdividuals under the conditions of this 
experiment is suggested by the so-called “endogenous” values 
during the 4 depletion periods. The maximum variations 
shown by individuals during these periods were only 0.65, 
0.78, 1.00 and 0.66 gm (table 3) of nitrogen. This observation 
is of value in indicating that the subjects were in a steady 
state of nitrogen metabolism and hence suitable for compara- 
tive assay. 

The average balances of the 4 subjects are presented in 
figure 1 by means of the method of graphic presentation sug- 
gested by Reifenstein, Albright and IVells ( ’45). The nitrogen 
intake is plotted as an area from the zero line toward the 
bottom of the diagram ; the total excretion is indicated by the 
height of the column above the intake level, and the urinaiy 
and fecal values are indicated by the waved line. In this ar- 
rangement the projections of the columns above the zero line 
represent negative balances. A positive balance is shown by 
that amount by which the total height of the column does not 
reach the zero line. Since all balances in this study were nega- 
tive, the differences in the height of the columns above the 
zero line are of major interest. The most pertinent portion of 
the columns have been darkened merely for emphasis. 

One can see by inspection that the balances with casein and 
lactalbumin are identical for all practical purposes. Both 
fecal and urinary excretions show exactly the same pattern of 
changes with both proteins. There is 1 exception, namely, the 
high urinary nitrogen during the first depletion period follow- 
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iiig casein suppleniontalion. This may be partially explained 
on the basis of a transient infection shown by 1 subject avIio 
experienced loose stools, ofori'liea and rhiiiitis on this day. 
One other subject on this day reported that he was developing 
a cold. This explanation is probably valid since tbe depletion 
period following the administration of casein for a .second 
time gave average excretion values consistent with those fol- 
lowing other supplementation periods. 



Fig. 1 Average dail}’ nitrogen intake, nitrogen balance and urinary and fecal 
nitrogen excretion of 4 healthy men during protein depletion and subsequent sup- 
plementation with casein and with lactalbumin. Protein was added to the basal 
diet (0.008 gm nitrogen per kg) to supply 0.033 gm N per kg body weight. See 
text for construction of the figure. 


The figure clearly indicates also that tbe fecal excretion 
during the depletion periods was always greater than tbe 
nitrogen intake, strongly suggesting that much or all of the 
nitrogen of the basal diet was not available for utilization. 

Table 3 gives the calculated biological values. We have 
employed the method of Mitchell ( ’24), ancT for the individual 
calculations used the average endogenous urinary and fecal 
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nitrogen of eaeli subject for the 4 depletion periods. The 
values show good agreement. The maximum variation betvreen 
individuals on a single assay (wbicli is also the greatest varia- 
tion in the whole series) was observed in the first lactalbumiu 
period as that between 100 and 72.3. This variation approxi- 
mates that reported by Mitchell ( ’24, table 12) when the assay 
method was first described. The average biological values for 
the 2 casein periods were 89.0 and 94.7, and for the 2 lactal- 
bumin periods 90.2 and 93.3. “With the variables known to 
exist in this type of assay, these values must be regarded as 
practically identical. 


TABLE 3 


Xitrogen balances during depletion" and supplementation, and biological values. 


SrBJECT 

A B 

All nitrogen value- 

C D 

are in gTam« per day 

AVTR \OE 
B, VA 

Depletion (9-12 day) 

—3.92 

— 2.26 

— 3.S1 

—2.90 


Casein 

— 0./ 6 

—0.64 

— 0.S3 

—0.93 


B. V. 

(94.5) 

(SS..5) 

(84.6) 

(88.4) 

89.0 

Depletion (17-20 day) 

—1.13 

—2.88 

—3.52 

—3.00 


Lactalbumin 

■ — 0.6o 

— 0.47 

—0.69 

—1.40 


B.V. 

(97.4) 

(91.2) 

(100) 

(72.3) 

90.2 

Depletion (25-2S day) 

— 3.4S 

— 2.29 

— 2.S1 

— 2.75 


Casein 

—0. / 4 

—0.32 

— 0.S7 

—0.79 


B.V. 

(98.9) 

(97.8) 

(87.3) 

(94.7) 

94.7 

Depletion (33-36 day) 
Lactalbumin 

B.V. 

— 4.09 

—1.44 

(84.4) 

—2.10 

—0.05 

(100) 


—2.34 

—0.66 

(95.5) 

93.3 

Av. depiction 

—3.91 

— 2.3S 

—3.38 

—2.75 



* Biological value. 


BISCTJSSIOX 

Enil} observations (Osborne and ^Mendel, ’15) indicated 
that casein and lactalbumin were nutritively different when 
measured by the growth of rats, and this finding was subse- 
quently extended to include dogs (Lewis, ’17). mice (Bauer 
and Berg, ’43) and chicks (Almquist, ’42). It was only natural 
to interpret these animal findings in terms of human nutrition, 
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since (liere is a preponderance of casein in cow’s milk and the 
lactalbumin content of mother’s milk is higher than its casein 
content. Since clinical e.xperience indicated that better results 
attended the feeding of infants with mother’s inilk, it was 
logical to attribute part of the superiority to a higher content 
of lactalbumin (Holt, ’IG). 

The nutritive value of the 2 milk proteins in the feeding of 
infants was first put to experimental test by Edelstein and 
Langstein (’19). These investigators reported nitrogen bal- 
ance studies on 4 infants who received varying levels of either 
casein or lactalbumin for various ijeriods. Their one best ex- 
IDe'riment was with an 11-week-old child who was given a 
protein-free diet (cane sugar, carrots, starch, butter and salt 
.solution) for 12 days, followed by an 18-day period on casein, 
a G-daj’’ protein-free period, and a final 13-day lactalbumin 
lieriod. We have recalculated their data to obtain biological 
values comparable with those reported here: for casein the 
value was 85.0; for lactalbumin, 87.4. During the 18-day 
casein period, the infant gained 500 gra in weight; during the 
lactalbumin period, 190 gm. Two additional infants, observed 
only for single 3-day periods, had recalculated biological 
values for casein of 77.4 and 65.3, and for lactalbumin of 98.2 
and 67.0, respectively. Observations on the fourth infant were 
so interrupted by technical difficulties as to be uninterpretable. 
The authors concluded that lactalbumin was superior to casein 
for infant nutrition. Our study of their data in which we made 
no selection of values, does not support such an interpretation. 
With consideration of the difficulties of working with infants 
and of the variation in biological values even in adults under 
very uniform conditions, their data do not demonstrate to us 
ail}’’ significant difference in the 2 proteins in infants. 

It was not until Harrison ( ’36) showed that adequate nitro- 
gen retention could be attained by feeding cow’s milk proteins 
to infants at a low intake level, and Gordon, Levine, Wheatley 
and Marples (’37) showed that similar nitrogen retention in 
premature infants could be attained by feeding equal levels of 
nitrogen as cow’s milk and as mother’s milk tliat the earlier 
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concepts of tlie different nutritive qualities of the 2 proteins 
for man became less tenable. 

It has been repeatedly demonstrated that the nutritive value 
of casein for rats or dogs can be made equal to that of lactal- 
bumin by the addition of a small amount of cystine or meth- 
ionine. Using a casein hydrolysate supplemented with 
methionine, Cox and associates (’47) showed that no effective 
improvement in nitrogen retention resulted from the added 
methionine when the hydrolysate alone or supplemented with 
this amino acid was administered to 4 groups of persons of 
varying protein need: (1) infants; (2) adults on a mainte- 
nance nitrogen level; (3) protein-depleted adults allowed less 
nitrogen than that necessary to attain nitrogen equilibrium; 
and (4) adults nourished solely by intravenous feedings. 
“While this evidence strongly suggested that intact casein 
might be the nutritional equivalent of intact lactalbumin in 
man, it could not substitute for an actual experimental com- 
parison of the 2 proteins. 

The present experiment in which the 2 proteins have been 
compared at low intake levels in healthy but slightly protein- 
depleted adults, leaves no doubt that the 2 substances are of 
equal value for adult maintenance. It is possible that a com- 
parison at higher intake levels would disclose some difference, 
but our earlier findings (Cox et al., ’47) with a methionine 
supplemented casein hydrolysate at different intake levels 
would certainly indicate that this is unlikely. A new comparison 
of the 2 proteins should be made in infants, since the require- 
ments of the growing child may be different from those of the 
adult. Howevei', in view of the work cited above (Edelstein 
and Langstein, ’19 ; Harrison, ’36 ; Gordon et al., ’37 ; Cox et 
al., ’47) it is unlikely that any difference between the 2 pro- 
teins ^vill be found even in infants. 

SUMMAEY AXTD COXCLTJSIOX 

Casein and lactalbunrin have been fed at an intake level of 
of the calories to 4 well adults following a 12-day protein 
depletion. Two 4-day periods of supplementation with each 
piotein vere alternated with 4-day depletion periods. Xitro- 
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gen balanee.s and calculated biological value.s indicated that 
casein and laclalbinnin ai-e equally effectivo in maintaining 
nitvogen balance in adult man. 
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IN purified diets foe chicks ^ 
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Studies oil “crude fiber” in rations of small laboratory 
animals have been reported previously, but there exists in the 
literature mucb controversy as to its need and utilization by 
poultry. It is generally understood that excessive levels of 
“crude fiber” in poultry rations reduce feed efficiency, gro^vtb, 
and egg production. On the other hand, the presence of 
“crude fiber” appears to be beneficial under certain condi- 
tions. For example, Sheehy ('39) and Bearse, Miller and 
IMcCleary ( ’40) observed that cannibalism is prevented by the 
introduction of extra “crude fiber” in the ration. However, 
such studies have been made with practical-type poultiy ra- 
tions, and the fiber supplement may have contained etfective 
nutrients other than fiber. 

In the study presented here, a purified source of cellulose 
was added to a “synthetic” ration nutritionally complete in 
all the known nutrients and free of fiber. The results show 
that the addition of cellulose to such a ration improved the 
growth rate and was otherwise beneficial. 

Moolley and Sprince (’45) showed that 20% of cellulose 
supplied as Cellu-flour or powdered cellophane in purified 
guinea pig rations was active as a growth stimulant. No other 
report on the growth promoting-action of cellulose in purified 

' Scientific p.nper no. .\lGu. Contribution no. 2060 of the Mnrji.nnd Agricultural 
Experiment Station (Department of Poultry Husbandry). 
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rations for small laboratory animals (non-ruminants) is avail- 
able. Workers in various laboratoi'ies have included cellulose 
materials in purified poultry rations but have not made any 
reports on its growth-promoting effect. 


EXPERntEXTAL PROCEDURE AND RESULTS 

Day-old New Hampshire chicks were reared in electrically 
heated hatterios with raised screen floors. Feed and water 
were supplied od Ubilum throughout the 4-week experimental 
period. 


TABLH 1 

of hasal ration IIS, 


jlfain int/redients 

% 

SuppJeuitntH it\g/l00vfn 

Glucose (‘^Cerclose’^) 

G1.4 

Thiamine HCl 

0.4 

Casein (crude) 

18.0 

Riboflavin 

0.8 

Gelatin 

10.0 

Ca pantothenate 

2.0 

Soybean oil 

4.0 

Choline Cl 

200.0 

Salts 1 M (Briggs, ^4G) 

6.0 

Xicotinic acid 

5.0 

1 ( — ) Cystine 

0.3 

Pyridoxine ITCl 

0.6 



Biotin 

0.02 



Folic acid 

0.2 



i-Inositol 

100.0 



Para-aminobenzoic acid 

0.2 



Alpha-tocopherol 

0.5 



2-]Mcthyl-l , 4‘naphthoquinonc 

0.1 

Vitamin 

A in I.U. 1 

to 

o 

o 


Vitamin 

Da in A.O.A.C. units 170 ' 


' Vitamins A and Da are fed by dropper weekly. 


The basal ration (113) given 

in table 1 was used 

in the 


experiments and contains all nutrients ]vno^vn to be required 
by the chick. All supplements with cellulose ~ were made at 
the expense of glucose. Feed consumption records were taken 
in order to obtain feed efficiency data, and the chicks were 
weighed individually each week. 

-“Ruffex, a roughage material distributed by the Fisher Scientific Co., 
Pittsburgh, Pa., was used. It is processed from rice hulls and contains 70% alpha 
cellulose, the balance being simple and hydrocelluloses. It is reported to contain 
neither proteins, fats nor vitamins and gives an ash value of less than 1%. 
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Tlie results of 2 series, summarized in table 2, sboiv that the 
addition of from 5 to 15% of cellulose in the ration resulted 
in increased grouib and apparently greater feed efficiency 
values. The greatest response in grouib was at tbe 5% level 
of cellulose. Tbe 10% and tbe 15% levels of tbe cellulose also 
gave better growth and feed efficiencies when compared with 
tbe basal ration. Increasing additions of tbe supplement 
tbrougb 50% resulted in decreased groivtb, decreased feed 
efficiency values, and smaller statures when compared witb 
cbieks in group 1. More recent feeding trials (not sbown in 
tbe table) bave given similar growth responses -with cellulose. 


TABLE 2 

Sumviari/ of the effect of cellulose supplements in purified chid: rations. 


GBOTJP 

SUPPI^rMXKT TO 
BASAL DIET H3 

>’UMBEE 

CHICKS 

STARTED 

KxrjrBEE 
DEAD AT 

4 iteeks 

a^t:r.\ce 

^^TTIGHT AT 

4 WEEKS 

rEFD 
EmCT* 
EKCT * 

1 

Xone 

16 

2 

pm 

308 

0.491 

2 

5% Cellulose 

16 

0 

354 

0.587 

3 

109c Cellulose 

16 

0 

340 

0.560 

4 

15 % Cellulose 

16 

0 

340 

0.564 

5 

20% Cellulose 

16 

0 

288 

0.434 

6 

3092; Cellulose 

12 

0 

268 

0.311 

7 

40% Cellulose 

12 

0 

200 

0.312 

8 

507c Cellulose 

12 

1 

140 

0.215 


* Total gain in ^veight 


Total feed intal^e 


No difference in feathering and no feather picking or 
cannibalism were obseiwed in any of tbe experimental groups. 
It is interesting to note that as high as 50% of cellulose was 
consumed with practically no mortality, although growth was 
poor. As much as 15% of cellulose in tbe ration was tolerated 
without any ill effects. Statistical treatment given in table 3 
showed that tbe 5%, 10% and 15% supplemental levels gave 
significantly greater growth responses compared with group 1. 

Tbe droppings of tbe chicks on all levels of cellulose supple- 
ments Avere of a drier, firmer consistency than those of tbe 
controls. Feed consumption values and chemical analy.sis of 
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tlie droppings i'or a l-Aveok jioriod gave dige'^libilitios of 
53.9%, 27.9%, and 34.3% for the “crude fiber” fed at tbe 
5%, 10% and 15% levels of cellulose, respectively. Analysis 
of tbe cellulose for “crude fiber” gave a value of 75.38%.’’ 

'lAUU; 3 


of 'larutnce. 


souKcr or \AniATiON' 

i> r 

\Ai UNcr 

Treatinent 

3 

5502 33 ’ 

Error 

58 

17f)G .■><> 





* Significnnt to 0 05 le\cl. 


MRCUSSIOiV 

Tbe exact reason for tbe increased groivlb obtained by 
feeding cellulose is as yet unknown, but it is believed to be 
due to tbe presence of cellulose itself rather than to a pos'^ible 
contaminant (unpubli.sbed data). It is possible that hydrolysis 
of tbe alpha cellulose and of tbe simple and hydro-celluloses 
in tbe intestinal tract gives rise to smalt amounts of growth 
stimulatory product (s) other than glucose or other than 
products that may be derived from glucose. Enzjnnes of 
microbiological or intestinal origin, or both, maj^ be active in 
such hydrolyses. It is known that certain microorganisms 
produce cellulose-siolitting enzjnnes. In addition. Baker (’42) 
and Hungate (’44, ’46) have shown that various micro- 
organisms possess the ability to metabolize cellulose. One or 
more of the decomposition products derived from cellulose 
metabolism may act as growth factors. 

It is also possible that the mere physical presence of the 
cellulose may be beneficial in some manner. For instance, its 
presence in restricted amounts could aid in the intestinal ab- 
sorption of the nutrients. HoAvever, the feed efficiency values 
for the 5%, 10% and 15% levels of cellulose given in table 2 
show that cellulose is probably not functioning simply as a 
bulk factor. 

^ We ■Wish to thank Eobcit G Fueist for these analyses 
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The retarded growth and lowered feed efficiency values with 
the feeding of the 20% through 50% levels of cellulose were 
probably caused by a decrease in the availability of metabo- 
lizable simple carbohydrates, since the supplements were fed 
at the expense of glucose. 

This work shows the importance of including some source 
of cellulose (or perhaps its decomposition products) in puri- 
fied laboratory rations in order to obtain maximum growth 
and feed efficiency. In addition, the beneficial effect of lim- 
ited amounts of fiber in practical rations may be more easily 
studied and better understood in view of this finding. 


SHMMAET 

The addition of 5%, 10% and 15% of cellulose to a purified 
chick diet free of fiber but complete in all known nutrients 
resulted in a significant increase in growth. Additions of 
cellulose at levels ranging from 20% through 50% resulted 
in retarded growth hut there was practically no mortality in 
these groups under the experimental conditions described. 
Possible reasons for the groudh-promoting effect of cellulose 
are discussed. 
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(Received for publication May 16, 1947) 

A number of excretion tests have been used as a measure 
of nutritional status with respect to thiamine. All are based 
upon the premise that the amount of thiamine available for 
excretion bv the kidney depends more or less upon the ade- 
quacy of the supply in the body (Helnick, ’42). Of all the 
procedures employed the fasting-hour excretion test, first 
recommended by Holt and Najjar (’42), appears to be the 
most feasible for nutiitional surveys. 

Melnick and Field ( ’42) reported good correlation behveen 
24-hour output and fasting excretion of thiamine in 37 sub- 
jects. The fasting specimens in this study, however, repre- 
sented a 4-hour period. Oldham and her coworkers ( ’44) in 
their study of the thiamine requirement with 2 young sub- 
jects of pre-school age concluded that the 1-hour fasting 
excretion test reflected the nutritional status with respect to 
thiamine. To our knowledge no one has reported any ex- 
tensive comparison of the 24-hour urinary^ excretion of this 
vitamin with that in a 1-hour specimen collected immediately 
after the completion of the 24-hour period and following an 
overnight fast. Najjar and Holt ( ’43) apparently accumulated 
such data but we have not seen these published. Since the daily 

' Aided by f^rants from the Xutrition Foundation, Inc., and from the University 
Center in Georgia. 
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urinary oulput of Ihinmine lias been used ^vide]y in assessing 
thiamine nutritional status (Allen, ’43; Elsom et al., ’42; 
Jolliffe et al., ’39; Melnick and Field, ’42), it seemed to us 
wortlnvliile to compare this value with that of a fasting l-liour 
specimen collected in the same metabolic period by normal 
individuals. This paper presents sucl^ values obtained from 
63 young adults. In an attempt to moi'e properly evaluate 
the fasting-hour excretion test 'with the view of its application 
to survejr vork, a 4-hour clearance test following an oral 
test dose of 1 mg of thia7nine hydrochloride was also made 
on 20 of the subjects. 

PROCEDVEE AKI3 METHODS 

The subjects were 59 young men and 4 young women be- 
tween the ages of 19 and 28. Tliey were all univei-sity students, 
and nojie had apparent signs of any vitamin deficiency. No 
attempt was made to control the diet since the 24-hour speci- 
men and the subsequent fasting-hour specimen from each 
individual were both collected during the same metabolic 
period. The 24-hour urine collections were made in the con- 
ventional manner, beginning after the voiding of the morning 
specimen of 1 day and ending witli the morning urine of the 
following day. The fasting-hour urines were collected essen- 
tially according to the procedure recommended by Holt and 
Najjar (’42). The subjects were instructed to abstain from 
food or beverages except water beginning with the fourteenth 
hour of the 24-hour period. Upon completion of the 24-hour 
collection they were asked to note the time and drink 1 glass 
of water. The fast was continued for another hour at the 
end of which the fasting specimen was collected. This urine 
sample thus represented the hourly output at the end of a 
fast of 11~13 hours’ duration. Where the fasting specimon 
represented more or less than 60 minutes, the tune of voiding 
was recorded and the hourly fasting urinai'y output was 
calculated. 

In the clearance tests, the subjects came to the lahoratoiy 
before the completion of the fasting hour, that is, the twenty- 
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fifth hour of the total period. AYhen this hour was completed 
aud the fasting specimen had been collected, the subjects 
were given 1 mg of thiamine hydrochloride in solution hjr 
mouth. All the urine voided during the next 4 hours was 
collected and analyzed for urinary thiamine. During this 
clearance period only water and black coffee were allowed. 

The specimens were preserved with glacial acetic acid (2-3 
ml per 100 ml) and stored in dark bottles in the refrigerator 
until analysis for thiamine was made. The analyses were all 
completed ^vithin 5 weeks of the day of collection. We have 
been able to verify the statement of Egana and MeDdejohn 
(’41) that the thiamine content of urine thus preserved re- 
mains unaltered for more than 6 weeks. 

The thiamine content of the specimens collected by the first 
43 subjects was determined by the Merck and Company, Inc., 
adaptation (’41) of the Hennessy and Cereeedo thiochrome 
method (Hennessy, ’41). Calculations, however, were made 
according to the formula of Najjar and Ketron (’44) which is 
believed to correct for the reduction of fluorescence caused by 
oxidation of Po(N^-methylnicotinamide), The specimens of 
the last 20 subjects were analyzed by a fluorometric adaptation 
' (Papageorge and Lamar, ’47) of the Urban and Goldman 
(’44) thiochrome method which employs benzenesulfonyl 
chloride for the destruction of thiamine in the blank deter- 
mination. 

BEStXTS 

Figure 1 presents the comparison of the 24-hour with that 
of the fasting 1-hour excretion of urinary thiamine in the 63 
subjects studied. The scatter diagram shows that there is a 
definite correlation between the 2 values, particularly at 
lower levels of excretion. Assuming a linear relationship 
betAveen the 1-hour fasting excretion of thiamine and the 
24-hour output, the coefficient of correlation" is 0.70. This 

’ Coefficient of correlation nas calculated according to tlie equation 

> ~ XSXY — (S X) (XT) 

" \[xrx= — "(Yx)'] t>'-^ — (rvp] 

Guilford, .T. P, (’42) Fundamental Statistics in PsjcliologT and Education n 
204. McGraw-Hill Co., Xew York, ‘ 
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indicates good correlation. The 11 points representing the 
lowest 24-honr and fasting 1-honr excretion values observed 
all fall within the 2 regression lines.-' 



Fig. 1 Correlation of 24-hour 'vvitli fasting-hour excretion of thiamine in the 
urine of C3 subjects. Coenicient of correlation is 0.70. Intersection of regression 
lines indicates mean values. 


Table 1 gives the minimum, maximum and mean values of 
the whole series. From the mean values as well as from 
examination of figure 1 it is seen that the 24-hour excretion 
is usually more than 24 times the value of the fasting 1-liour 
excretion. This is not surprising since the intake of thiamine 
during the period of collection would he expected to influence 
the 24-hour output to a greater degree than it would affect the 
excretion after 12 hours of fasting. However, in 14 of the 

* Regression lines are lines of trend along which lie the best predictions of 1 
value from the other. They intersect at the point representing the mean values of 
the 2 variables. Since the slopes of the lines depend upon the coefficient of correla- 
tion, the higher this coefficient, the closer together will a pair of regression lines 
tend to lie. See Guilford, pp. 211 If. 
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subjects the 24-bour value vras less than 24 times that of tbe 
subsequent fasting-bour esci’etion of tbiamine. All of these 
subjects excreted more than 120 yg of tbiamine per day and 
thus over 5 qg per fasting-bour. 

Table 2 presents tbe results found on tbe last 20 subjects 
on -vrbom a clrarance test vas also made. Urine volumes are 
included in tbe table since they may have some bearing- on tbe 
explanation of certain of tbe discrepancies observed between 
tbe 3 tests of tbiamine status. For some reason tbe fasting- 


TABLE 1 

MinimiLm, maximum and mean values of urinary thiamine excreted yer da^ and 
per subsequent fasting-hour by 6S subjects. 



;:^/24 hrs, 

THiAirrsn excextiok 

Minimmn 24-hr. value 

33 


Minimum fasting-hour value 

109 

0.7 

Maximum 24:-hT. value 

1050 

lo.O 

Maximum fasting-hour value 

1044 

36.0 

Means of 63 values 

309 

10.1 


hour volumes of these last 20 subjects -were on tbe whole much 
smaller than those of tbe first 43 individuals stiidied. Tbe 
correlation coefScients for the tbiamine excretion values in 
table 2 are as foUo-ws: 0.80 for correlation of fasting-bour 
with 24-bour output ; 0.64 for correlation of percentage of test 
dose excreted in 4 hours -vd-tb amount of thiamine excreted 
during tbe fasting-bour; 0.T7 for correlation of percentage 
of test dose return witb 24-bour output of tbe vitamin. 

DlSCtlSSIOX 

Assuming that the 24-bour excretion of tbiamine is a fail- 
index of nutritional status -n-itb respect to this vitamin, our 
results indicate that tbe fasting-bour excretion test can be 
employed in assessing tbiamine status where a large number 
of people are to be tested. This conclusion agrees witb tbe 
findings of Melnick and Field (’42) on 4-bour specimens and 
with the statement of Oldham et al. ( ’44) based upon the 
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indicates g-ood correlation. The 11 points representing' the 
lowest 24-lionr and fasting l-honr excretion values observed 
all fall within the 2 regression lines. 



A*g of urinnry thiamine per 24 hours. 

Fig. 1 Correlation of 24-hour Avith fasting-hour oxeretion of thiamine in the 
ririnc of G3 subjects. Coenieient of correlation is 0.70. Intersection of regression 
lines indicates mean values. 


Table 1 gives the minimum, maximum and mean values of 
the whole series. From the mean values as well as from 
examination of figure 1 it is seen that the 24:-hour excretion 
is usually more than 24 times the value of the fasting 1-hour 
excretion. This is not surprising since the intake of thiamine 
during the period of collection would be expected to influence 
the 24-hour output to a greater degree than it would affect the 
excretion after 12 hours of fasting. However, in 14 of the 

’Eegression lines are lines of trend along which lie the best predictions of 1 
value from the other. They intersect at the point representing the mean values of 
the 2 variables. Since the slopes of the lines depend upon the coefficient of correla- 
tion, the higher this coefficient, the closer together will a pair of regression lines 
tend to lie. See Guilford, pp. 211 ff. 
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in subjects 53, 59 and 63, there may not bare been a delay 
in excretion of tbiamine; or, if in cases like that of subject 56 
tbe relatively high return of the test dose may not have 
been due to diuresis since the clearance specimen of this 
individual was greater in volume than her total 24-bour col- 
lection. The completeness v*itb which the bladder is emptied 
may also be a factor in determining the accuracy of results 
representing short periods of urinary excretion as in the case 
of subject 47 whose fasting-hour value was lower than one 
would expect on the basis of his daily output and his 4-hour 
test dose return. 

The results of the clearance test do not throw much light 
on the question of the comparative value of the fasting-hour 
excretion and the 24-hour output as measures of thiamine 
status. "Wliile statistically the clearance test showed better 
correlation with the 24-hour than with the fasting-hour ex- 
cretion, our data are open to criticism in view of the small 
amount of test dose (1 mg) administered orally. There is also 
the question of rate of excretion of vitamin in instances of 
extraordinarily low or extremely high urinary volumes. Gilft 
and Hauck (’46) failed to obtain agreement in their com- 
parison of 4 methods for studying nrinary excretion of thia- 
mine, 2 of which were essentially clearance procedures. It 
would seem, however, that the fasting-hour output should be 
less liable to fluctuations caused by sudden changes in intake 
than the 24-hour excretion (Holt, ’43). 

In attempting to arrive at a fasting-hour level of thiamine 
excretion which should represent the dhdsion between ade- 
quate and inadequate values, we may use established daily 
output as a basis. It is generally agreed that on adequate 
intakes the daily excretion of thiamine in urine exceeds 100 pg 
and is usually around 200 pg or more (Allen, ’43; Gitft and 
Hauck, ’46; .Tollitfe et ah, ’39; Mason and Williaras, ’42; 
IMelnick and Field, ’42). According to the revised daily 
allowances recommended by the Food and Nutrition Board of 
the National Eesearcb Council (Jeans, ’46), the intake of our 
subjects, if adequate, should have been at least 1.0 to 1.5 mo" 
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correlation of fasting: 1-Iiour excretion with the 4-hour return 
of a test close and -with thiamine intake in their 2 small subjects. 

To be sure, the measure of the urinary output of thiamine 
as an index of nutritional status is definitely limited (Elsom 
et al., ’42). Rate of absorption and rate of excretion by the 
kidney are undoubtedly involved as \vell as level of intake and 
rate of utilization. While, on the whole, our data confirm the 
observations of others (Elsom et al., ’42; Youmans et al., ’40) 
that the amount of thiamine excreted is independent of uri- 
naiy volume, thei’e are indications that this may not hold true 
outside of ordinary limits. One may well ask if in instances 
where the fasting-hour volume is excessively small, such as 

TABLE 2 


Vrinory excretion of ihxavxinc per hours amt per ^uh^equeni fa^iinp hour inth 
i hour ‘unnary return of 1 mo oral lest dose of thxonunc tn SO subjects 


Bi^njrcT 

^o 

24 HR 

Vol 

URINr 

Thmmine 

fvsTisa norr urinf 

Vol Tlnnmuip 

OLF^RWer trlNE 

l^eturn of 


mt 


77! Z 

pp 

771 Z 


44 

2000 

17 S 

81 

5 7 

620 

10 4 

45 

2000 

192 

91 5 

78 

500 

97 

4G 

2000 

243 

31 

84 

288 

60 

47 

2000 

450 

35 

52 

500 

124 

48 

2000 

460 

90 

23 0 

140 

114 

49 

2200 

581 

151 

24 0 

314 

15 0 

50 

1820 

5'?0 

1— t 

13 0 

178 

11 1 

51 

2000 

87 

315 

2 2 

130 

51 

52 

2000 

325 

86 

15 0 

760 

14 1 

53 

1500 

100 

14 

0 7 

123 

3 4 

54 

1500 

307 

43 5 

48 

334 

97 

55 

1000 

231 

37 5 

51 

187 

71 

56 

790 

33 

35 

1 1 

815 

71 

57 

2000 

338 

22 5 

4 6 

420 

145 

58 

1000 

77 

57 

29 

410 

44 

59 

1000 

102 

17 

2 6 

128 

33 

60 

1500 

106 

49.5 

3 0 

184 

3 2 

61 

1500 

229 

58 

48 

415 

95 

62 

2200 

224 

76 

48 

140 

68 

63 

1000 

98 

17 

15 

210 

93 

Mean 
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specimen, collected in tlie hour follo'wing' completion of tbe 
24-bour period and after an over-niglit fast. Tlie 2 values 
show good over-all correlation with a coefficient of 0.70. 

2.. The percentage of a l-mg oral test dose of thiamine 
returned in 4 hours in the fasting state was also determined 
in 20 of the 63 subjects. The correlation between the test dose 
retum and the 24-hour excretion was better than that be- 
tween the test dose retum and the fasting-hour output. How- 
ever, the procedure followed in the clearance test is open 
to criticism. 

3. The fasting-hour excretion test offers itself as a con- 
venient method of estimating thiamine nutritional status in 
survey work where a large number of indiriduals are to be 
tested. 

4. The critical level of fasting-hour excretion of thiamine 
appears to he 4jjg. Values below this suggest a likelihood of 
inadequate thiamine intake. 
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of tliiamine per clay. Such intakes should result in 200 to 300 
Ug daily excretion in the urine on the 20% basis of Jlelnick, 
Field and Kohinson (’39). If we use the regression line 
Y = a + bX in figure 1 to get values of Y from X, the pre- 
dicted fasting-hour output for the 200-300 (ig 24-honr excre- 
tion is 4.5 to 9. ag of thiamine. The mean values for the 63 
subjects are not far from these figures : 309 pg per 24 hours and 
10.1 ag per fasting-hour. 

Eleven of the subjects excreted less than 4ag of thiamine 
per fasting-hour. Seven of tliese had 24-hour excretions less 
than 100 ag of the vitamin and the other 5 showed betAveen 
too and 110 ag in their 24-hour specimens. Clearance tests 
Avere made on 7 of the 11 subjects Avith Ioav daily and fasting- 
hour thiamine excretion. FiA’e of tlie 7 gaA’e less than a 6% 
return of the test dose. The other 2 Avere subjects 56 and 63 
in AA'hom the higher test dose return may haA'e been due to 
diuresis or to delayed thiamine exci-etion, respecthmly, be- 
cause of their unusual urine A’olumes, No subject excreting 
over 4 ag of thiamine during the fasting hour gaAm less than a 
6% return of the oral test dose of 1 mg. 

These data suggest that 4 ag maj' be the critical level of 
fasting 1-hour excretion of thiamine. This Amine agrees Avith 
the findings of Melnick and Field ( ’42) Acdio place the minimal 
normal level of 4-hour fasting excretion at 15 ag. Oldham 
and her cOAvoi’kers ( ’44) obsercmd higlier fasting 1-hour ex- 
cretions in their 2 young subjects Avhen the childi’en Avere on 
an adequate alloAvance of thiamine. The obAdous limitations of 
the fasting-hour excretion test as a measure of thiamine 
nutritional leAml should be boime in mind. It can he used 
only as an ai^proximate index for clinical purposes and should 
be repeated in conjunction Avith a standai’d clearance pro- 
cedure in cases of suspected thiamine deficiency. HoAvever, 
it offers itself as a useful tool in estimating the general trend 
of thiamine level in survey studies. 

SUMMARA.^ 

1. The 24-hour urinary output of thiamine of 63 normal 
young adults Avas compared Avith that in a “fasting-hour” 
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OKE riGUKE 

(Beceired for publication June 13, 1947) 

In continuation of earlier investigations (Parsons and Col- 
lord, ’42) in wMcli riboflailn of yeast was found to be less avail- 
able for absorption by human subjects from the fresh living 
cells than from non-living cells, a wider variety of yeast types 
have been tested. These included samples in which the ribo- 
flavin had been acquired by the yeast gradually during growth 
and hence was presumably inside the cell (Massock, ’43) in 
contrast to other samples in which the greater part of the ribo- 
flavin had been added in fortification; and dried yeasts, 
either with dead cells only, or with a suitable degree of via- 
bility for leavening purposes. These samples gave new op- 
portunity for observation on possible correlation of the con- 
dition of the yeast cell with the availability of its riboflavin. 

* Published vnih the approval of the Director of the 'Wisconsin Agricultural 
Experiment Station. A preliminary report appeared in the Proceedings of the 
Federation of American Societies for Experimental Biology, vol. 5, no, 1, 1946. 
This ivork was supported in part by the Research Committee of the Graduate 
School from special funds supplied by the Wisconsin Alumni Research Founda- 
tion; and in part by commercial grants from the Red Star Yeast and Products 
Company, and the Jos. Schlitz Brewing Company of Milwaukee. 

-present address: Kutrition Research Laboratory, Department of Home 
Eonomics, University of Tennessee, ICnoxville. 
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The 24-hour nrinarr excretions were collected in brown bot- 
tles containing acetic acid and chloroform, and a repiesenta- 
tive sample was pi’eseiwed with the addition of toluol. Fecal 
collections were marked by the ingestion of carmine at the 
beginning and end of each basal and yeast period. The fecal 
material was preserved in acid-alcohol and assays were made 


TABLE 1 

Composition of tasal ration. 


Brea^fnst 



gm 

Tomato juice 

200 

Egg, 1 medium 


Bread, h loaf 


Butter 

10 

Milk 

200 


Dinner 



gm 

Apple sauce 

100 

m}k 

200 

Peanut butter 

2.5 

Butter 

10 

Bread, i loaf 



Pineapple juice or crushed 
pineapple 100 

Meat loaf 100 


(Beef and veal 

68) 


(Pork 

7) 


(Egg 

10) 


(Oatmeal or soygrits 

15) 


Cranberry relish 


100 

(Cranberries 

50) 


(Oranges 

33) 


(Sugar 

17) 


Peas 


100 

Ice cream 

Bread, ^ loaf 


100 

Butter 


10 

Milk 


200 


Ingredients 1 loaf bread (in gm) : 
Unfortified white fiour 113 


Teast F 3 

Lard 4 

Sugar 4 

Salt 2 


grille (plus water as needed) 39 

Analg^es rondurted on aliquots 
of the composite diet 

Protein (N X 6.25) approx. 72 gm 
Thiamine 1.2 to 1.5 mg 

Riboflavin 3.7 to 4.2 mg 


from a thorouglily mixed representative sample Collection 
of fecal eliminations was of necessity omitted during the ex- 
perimcJits employing the 1-day test-dose period. 

Eil)oflavin was determined by the fluorometric method of 
Conner ajid Straub (’41). Duplicate determinations were 
made on separate davs for all samples. Pood -aliquots repre- 
senting 2o<'/o or 100% of the weighed daily food intake were 
homogenized in a IVaring Blendor and assayed for riboflavin. 
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KXPEniMlCNTAL 

Two general plans for melabolic sludies were emploved: 
1 used iirevionsly in lliis laboratory in which periods of 3 to 
5 days were ntilized for the uniform feeding of the basal diet 
alone or supplemented by a given riboflavin dose; and the 
other devised by ^felnick et al. (’45), wherein a single test- 
day was preceded and followed by periods of the basal diet 
alone. The first technic was used in the e.xperiment which is 
recorded in figure 1 ; the second in those recorded in tables 2, 3 
and 4. Eibofiavin excretions for a total of approximately 360 
subject-days were assayed. 

The test-doses included various types of yeast as well as 
a positive control dose of pure riboflavin. The identities 
and descriptions of these yeasts are to be found in table 1 
of the following paper (Kingsley and Parsons, ’47). The 
yeasts of the series I-A, I-B, I-C and II-C were produced for 
the experiment in the factory and the first 3 were from 1 lot, 
hence yeast strain and conditions of production were ruled 
out as valuables. Viability and moisture content were in- 
tentionally varied in the different samples: yeast I-A was a 
fresh raw yeast, I-B and V-B yeasts dried with little loss of 
viability, and I-C and II-C with entire loss of viability. 

The subjects were university students, men and women, 
in a satisfactory nutritional state. The basal diet is listed in 
table 1. Uniformity of intake was sought b.v the use of unit 
lots of food: flour, ^ and canned peas,'' tomato juice,'' pine- 
apple ^ and applesauce. Supplies of meat loaf, orange-cran- 
berry relish and ice cream ''' were prepared and frozen at the 
outset of the study to be used throughout. 

* Patent white flour 'without fortification was obtained direct from the PillsbuTv 
Mills, Inc., at Minneapolis. Bread was baked in the laboratory 2 to 3 times per 
week. 

* Uniform packs of peas and tomato juice were furnished through the courtesy 
of the Eesearch Department of Libby, McNeill and Libby Company. 

® Thanks are due to the Pineapple Kescarch Institute of Hawaii for the gift of 
the specially packed crushed pineapple and pineapple juice. 

® Prepared from a special formula under the direction of Mr. L. C. Thomsen, 
Associfite Professor of Dairy Industry, University of Wisconsin. 
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wliole is compared ivitli the output of subjects on a positive 
control dose or on live yeasts highly fortified vith riboflavin. 
In these yeasts the vitamin addition presumably remains out- 
side of the yeast cell inasmuch as it is returned in the urine 
so consistently. The details of this latter experiment vill 
be reported elsewhere. 

The riboflavin of dried dead yeast II-C, similar to I-C in all 
phases of manufacture except in thiamine content was found 
to be ahnost completely available (table 3). These results con- 
firm those observed with yeast I-C. 

.TABLE Z 

io Jiumau subjects of riboflavin of dried yeast II-C with no viable cells. 


cokteoIj period: 4.0 jig PrEE test peeiotj: 3.4 mg eibotu^vin ijr 

KIBOEEAVIS 15C SOItTOOM 82 GJI DEIED YEAST U-C 


SEBJECT 

Basal 

excretion 

After 

Control 

excretion 

After 

Test 

Availaliilitv 


control 

dose 

te«t 

do'ie 

B* in II-C 


dose 

excreted 

dose 

excreted 

yeast 


mg/ 24 hr. 

mg/ 24 hr. 


mg/ 24 hr. 

mg/ 24 hr. 

rc 


D.H, 

1.34 

3.60 

57 

1.26 

3.10 

54 

95 


0.69 

2.31 

53 

9.75 

2.59 

54 

102 

R.X. 

1.11 

2.96 

46 

1.23 

3.23 

58 

126 

H.X. 

0.77 

3.06 

57 

1.17 

2.7S 

47 

82 

Average 0.9S 

3.11 

53 

1.10 

2.92 

53 

101 


Further experiments with a commercial viable dried yeast 
also confirmed the results obtained with I-B. Yeast V-B, 
bought on the open market, was similar to yeast I-B in ribo- 
flavin content and viability, and was fed to 9 subjects. 5 
women and -1 men. TJrinaiw retuims after the ing'estion of 3 
mg of riboflavin in the form of 63 gm of this yeast indicated 
that this riboflavin was only partially available as only 11-18% 
of the yeast test-dose was returned in the urine as compared to 
the 41-59% excretion of a control dose of pure riboflavin bv 
these same subjects (table 4). This comparison indicates that 
not more than about 20-30% of the 3.0 mg of riboflavin in the 
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initrilive medium in llie lo\ver bowel, nor did they carry 
llieir contenl ol‘ riboflavin oni of file tract with the fcccs. 

Tlic Imman bioassay technic of i\Ielniclc el ah (’45) witli 
the simiilified dosage routine was also used to re-test the 
availability of these yeasts. Using this method, the per- 
centage excretion of a i^ure riboflavin control test-dose by 
both male and female subjects was found to be in good agree- 
ment with similar studies reported by these authors. 


T.Vni.E 2 

AvailahiUtt/ to huwari subjects of rXhofiavxn of unvy fresh yeast 



coxTitor. i*i:r:roD: .1.0 mq runn 
ninOV'LAVIK IN SOI^VTION 

TKST rirRion: 2.0 mo nrrorMn-v in 

150 OM nUV, KKKSU VKART 1-A 

sriijRcr 

excretion 

After 

control 

<lnse 

Control 

excreted 

excretion 

.\fter 

feet 

do«e 

Te*?t 

docc 

excreted 

Axnil- 
abiliO' Bj 
in I-.' * 
jc.'ist 


mg/S4 hr. 

hr. 

Cc 

mg/S4 hr. 

tng/24 hr. 

r'r 

Tc 

F.F. 

0.83 

2.35 

51 

0.73 

0.93 

7 

14 

B.X. 

0,77 

2.33 

52 

0.70 

l.OC 

34 

27 


0.84 

2.47 

54 

1.02 

1.04 

1 

n 

L.O. 

0.88 

3.19 

77 

1.02 

l.OG 

o 

3 

D.O, 

0.70 

l.OS 

39 

0.74 

0.73 

0 

0 



2.46 

55 

0.84 

0.!)G 

5 

9 


A 150-gm dose of raw yeast I-A containing- 2.6 mg of ribo- 
flavin released little or none of its riboflavin for absorption 
(table 2). Tlie excretions ranged from 0 to 14% of the intake 
for the 5 subjects with an average of 5% while the urinary 
return from a control dose of pure riboflavin ranged from 
39-77% with an avei'age of 55%. It is not clear why the 
appreciable decrease in the urinary output of riboflavin 
on the ingestion of fresh yeast I-A recorded in figaire 1 has 
not been observed subsequentlj’- in this or in further studies 
with fresh live yeasts (unpublished data) with the Mehiick 
bioassay technic. In any event, the relatively small individual 
variations in riboflavin return in all experiments on live non- 
fortified yeasts are of little unportance when this group as a 
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uiiabsorbed riboflavin and intestinal synthesis appeared to 
contribute to increases .in fecal riboflavin. 
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Human biological assays in tbis laboratory and elsewhere 
have been summarized (Parsons et ah, ’45b) and extended 
(Hoehberg et al, ’45) showing that bakers’ compressed yeast, 
when fed fresh to human subjects is a poorly utilized source 
of thiamine as indicated by low urinaiy and high fecal thia- 
mine eliminations. There was even some evidence (Parsons 
et al., ’45b) that the ingestion of fresh yeast might be re- 
sponsible for reducing the urinary thiamine output below 
that of a preceding basal period thus implicating yeast as a 
factor in reducing the availability of food thiamine. It was 
desired to explore this relationship further by lengthening 
the period of yeast ingestion and vaiying the dose. 

* Published w’ith the approval of the Director of the Wisconsin Agricultural 
Experiment Station, A preliminary report appeared in the Proceedings of the 
Federation of American Societies for Experimental Biology, 5: no. 1, 1946 and 
in Science, 103: 198, 194G. 
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pany, and the Jos. Scblitz Brewang Company of ^tilwaukee. 


321 



322 


H. N. KINGSLKY AND U. T. PAIiSOXS 


Procedures including air-drying, boiling and treatment with 
alcohol wliicli reduced or destroyed viability of the yeast cell 
effected a marked improvement in the release of thiamine for 
absorption by animals (Walker and Nelson, ’33; Parsons and 
Collord, ’42; Parsons et al., ’4;'3a), Since this implied that 
the availability of yeast thiamine rests more directly on the 
vitality of the cell than on any other factor, studies vere con- 
ducted to determine the availability of thiamine to human 
subjects from yeasts after drying processes in Avliich the 
viability of the yeast coll was retained in some samples and 
entirely destroyed in others. 

It was also observed that fresh yeasts of high thiamine con- 
tent may release a varying portion of their thiamine for 
human absorption (Parsons et al., ’45b). Hence this effect 
of increasing thiamine concenirntion upon availability of 
yeast thiamine was studied further. 


EXPKUI.MKXTAL 

Determinations are reported of the urinary thiamine ex- 
cretions of 15 subjects in a series of 16 diet studies in which 
thiamine supplements in the form of thiamine hydrochloride 
or yeast were added to a controlled basal diet. The 2 types of 
bioassay technic used and the details of the basal diet are 
described in the preceding paper (Price et al., ’47). The 
method formerly in use in this laboratory was employed for 
the studies recorded in figure 1 and the bioassay of Melnick 
for those in tables 2, 3 and 4. That results with the latter 
method are satisfactorily reproducible in different labora- 
tories was attested by the fact that the 2.0-mg supplement of 
pure thiamine hydrochloride fed to subjects in these experi- 
ments led to a 16.7 to 20% urinary return, thus falling well 
within the published range. 

In addition to fresh yeast P and the 3 types of dried yeasts 
with varying degrees of viability (yeasts II-C, V-B and L-B) 
2 others were used in these experiments, in which a second 
effect, that of increasing thiamine concentrations in the yeasts 
upon yeast thiamine availability, was studied. Yeast II-Zj 
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and III-Z3 were liigh vitamin yeasts containing 1.0 mg of 
tliiamine per gm on a dvy basis, or approximately .50-/0 times 
the amount found in ordinary compressed bakers’ yeast. They 
are of further interest since the thiamine content of the yeasts 
-was attained by 2 different methods. The high content of 
yeast II-Zj was reached by synthesis and absorption of thia- 
mine by the yeast itself during propagation in a nutrient 
medium. In the case of yeast only a small percentage 

(approximately 2%) of the thiamine was attained by the yeast 
itself. The remainder of the thiamine was added in the form 
of thiamine hydrochloride to the thick suspension of resting 


TABLE 1 

Characienzaiion of the 'bal:ing yeasis tested for their influence on availahiUtg of 


OT 

COKTEKT, OP.Y BASIS 


THi: TEA STS 

Biboflavin 

Thiamine 



Uff/ffm 



I^A 

00 

19.5 

Fresh compressed t^'pe. Live cells 

(boiled) 

55 

19.5 

Same lot. Cells killed by heat. 


•55 

12.0 

Same lot. Dried with retention 
of viability. 


55 

11.8 

Same lot. Dried with total loss 
of viability. 

II-C' 

47 

65.5-'74.3 

Like I-C except high in thiamine 
acquired in growth. 

ir->2, * 


100 ^ 

High thiamine acquired during 



500 

}■ growth by biosynthesis and ab- 


44 

1000 J 

100 ] 

sorption. Live cells. 

1 



500 

1 High thiamine chiefly from for- 

in-Za' 

45 

1000 J 

( tification. Live cells. 


55 

18 

Eegular, fresh, for use by bakers. 
Live cells. 

r-B* 

4S 

10 

EetaU dry yeast for leavening. 
Live cells. 


146 

68 

Fortified retail dry yeast for 
leavening. Live cells. 


^Specinl lots obtained directly from the tnannfacturor. 
‘ Commercial products. 




324 


n. N. KIXGSLKV AXn 31. T. PAHSOKS 


cells and tliorouglily distributed by mecbauical mixing before 
compression. These yeasts were fed to 5 siibjects before each 
meal of the tost day in doses equivalent to Sing of thiamine 
and urinary excretions of thiamine vere compared "with those 
obtained after subsequent tost doses of 5 mg of thiamine 
liydrochloride. The other members of the II-Z and III-Z series 
in table 1 wei'o used in in viiro experiments only. 

Thiamine vas determined by the thioehrome method of 
Hennessey (’42). 

imSl'LTS 

The implication given in an earlier study (Parsons et ah, 
’45b) of an interference with absorption of food thiamine 
from the ingestion of fresh yeast was fully borne out by the 



Fig. 1 Tlie elrect of ingestion of live yeast on the urinary output of tiiiamine. 


feeding of 15 gin or 150 gm of yeast P for periods of 5 or 
10 days. (See fig. 1. The averages of these data were pub- 
lished in a preliminary report by Ness et al., ’46). The urinary 
output of thiamine fell below the basal level on the first day 
of yeast ingestion and continued to fall rapidly for about 4 
days, reaching an average level of about 100 pg output for 
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the 15-giu yeast close and 50 gg for the 150-gni dose ; tlie 
minimum excretions reached as low as around 20 pg. 'Within 
the limits of the experiment, tlierefore, the greater the amount 
of yeast fed, the greater the apparent interference with ab- 
sorption of food thiamine. Somewhat the same correlation 
was seen in the response to the removal of the live yeast from 
the diet : the longer the time on the larger dose of yeast, the 
slower the resumption of the previous output of urinarj' thia- 


mine when the basal diet alone was again fed. 

These results have a theoretical interest, in that this is a 
new example of interference with food thiamine to be added 
to others reported in the literature, notably the destruction 
of thiamine in the digestive tract by thiaminase from certain 
fishes and sea foods in the diet, the thiamine deficiency in 
cattle resulting from the ingestion of bracken and the anti- 
thiamine action of certain analogues of thiamine ('Wright, 
’47, a review). 

Practical applications of the results in regard to the dietaiy 
status of live yeast are obvious. Doses of yeast larger than 
those recommended by the manufacturer were deliberately 
included in this experiment inasmuch as it seemed probable 
that yeast intake by the public might include a considerable 
range of dosage in instances where fresh yeast was consumed 
with the notion of using it as a supposed therapeutic agent 
against furunculosis or acne rather than primarily as a vehicle 
for a given vitamin allowance. 

The results in the feeding of 3 D'pes of dried yeast in 2 of 
which the viability was retained and in the other, destroyed, 
indicated that drying as such had little or no relationship 
to the effect of the yeast on the absorption of thiamine from 
the human digestive tract, but a correlation was evident with 


respect to the vitality of the yeast cell after the drying 
process (table 2). In 8 of the 9 tests with subjects ingesting 
the thiamine supplement in the form of live, dried yeasts 
urinary outputs -were maintained at levels no higher than 
those of the preceding basal period which would indicate no 
measurable availabilih* of yeast thiamine; in fact, in 7 of the 
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9 tests, the subjects re.sponded to the dose witli a decrea.‘’e 
from the previous basal urinary level. This has been shown to 
be characteristic of the response to fresh compressed yeast 
intake. Only 1 subject, D.H., exhibited an increase in urinary 
thiamine excretion from 1 of the 2 yeast supplements, an 
amount equivalent to 1% of the yeast thiamine intake; cal- 
culated from the percentage increment following the positive 
control dose of 2.0 mg of thiamine hydrochloride, Ihe physio- 

TABLE 2 

Changes in urinary thiamine following ingestion of the X'itamin in dried yeasts 

and in pure solution. 


POUTION' or TTST DOSE EXCRETI'D 


Control 
dose 2.0 mi: 


Increment*? or decre- 
ments duo to 
dcies live ilried 
yen St*? 


PORTION or TEST 
dose excreted 


srnJECT 


Control 
do*?o 
5.0 mi: 


Pond. 

dried 

ycflst 





Yenst Tj-B 

Yenst V-B 


tliinmine 

thiamine 


Uf7 






Cc 

B.S. 

400 

20.0 

— 9 

— 15 

' H.P. 

19.3 

21.3 

D.H. 

395 

19.7 

+ 21 

—37 

‘ D.H 

19.7 

20.4 

J.D. 

330 

10.5 

—20 

— 75 

I H.N. 

20.5 

18.4 

C.S. 

425 

21.3 

—119 


n.N. 

20.9 

23.0 

Z.A. 

300 

IS.O 

0 


I 



A.W. 




—32 i 

! 



Average 


19.1 



i 

20.1 

20.8 


logical availability of this yeast to D.H. was roughly 7 % which 
fell far short of the full availability claimed by the manu- 
factux’er for this type of yeast. 

Regardless of the amount of live yeast ingested in these 
experiments none of the subjects experienced diarrhea. Laxa- 
tion rate as measured by the appearance of carmine markers 
in fecal eliminations (Parsons et ah, ’44) was not uniformly 
affected by the ingestion of live yeast ; evacuation time in those 
experiments ranged from 13 to 97 hours with no apparent 
correlation with the amount of urinary thiamine output. 

In contrast to the results with live dried ypast, observation 
of 4 subjects ingesting 5.0 mg of thiamine in the 'form of a 
nutritional type of dried yeast, II-C, in which the yeast cells 
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were dead indicated full availability of tbe yeast thiamine. 
In all cases the increase in urinary thiamine output which fol- 
lowed the ingestion of this yeast fell within the range of from 
19 to 23^ excretion of yeast thiamine comparable to that 
obtained from the 5.0-mg control dose given these same sub- 
jects thus indicating that thiamine was fully available from 
this dead, dried yeast. 

Data in tables 3 and 4 indicate the effect of increasing 
thiamine concentrations upon the availability of yeast thia- 
mine. Yeast series II-Z and III-Z differed in that the content 

TABLE 3 


In vitro release of self -synthesized and mechanically added thiamine from yeasts. 


JDKKTITT or 


THUMINE 

TIIIAMrNE KOCND PER ENTIRE SAMPRE 


YE.\STS 


CONTENT 

In solution 

In yeast residue 

Total 


II-Z 


mg! dry am 

mg /dry gm 

% 

mg/dry gm 

% 

mg /dry gm 

% 

Thinminc 

II-Z, 

100 

1.0 

1.0 

9S 

9S 

99 

99 

srnthesized 
or absorbed 

n-z. 

500 

5.0 

1.0 

495 

99 

500 

100 

during 

propagation 

II-Z, 

1000 

40.0 

4.0 

940 

94 

9S0 

98 

III-Z 









90% or 

III-Z, 

100 

43 

43 

65 

65 

108 

lOS 

more of 
thiamine 
added after 

III-Z, 

500 

330 

66 

170 

34 

500 

100 

propagation 

III-Z, 

1000 

830 

83 

170 

17 

1000 

100 


of yeast series II-Z was attained by synthesis and absorption 
during propagation whereas in the case of III-Z thiamine was 
added mechanically to a suspension of mature yeast cells 
immediately before compression. As a precaution, yeast series 
III-Z was maintained at very cool temperatures throughout 
the fortification process and until the yeasts were tested 
in vitro or eaten hy the subjects. By such a method of prepara- 
tion it was believed that the greater part of the added thiamine 
might not be removed from the suspension medium by the 
live yeast cell. 
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In viifro sludies (table 3) showed a more striking diiTercnce 
than did human bioassays (tal)le 4) in tlie effect of the 2 
methods of thiamine attainment upon its release by the yeast 
cell. Assays of thiamine released in vitro into supernatant 
solutions and that held by the yeast residue were conducted 
on both types of yeast with graduated thiamine content, fol- 
lowing 2 minutes of .shaking and 10 minutes of centrifugation 


TAULi; .1 


Vrinary excretion of thiamine foUoning inyestion of litomin in fresh yeasts 
and JII-Z3 and \n pure solution. 



coN'TKoii nnsr 


^rA*:T 11 

YFAST III Zx 


5 MO THIAMIM 

ii^DiiocHLoniur 

f} MO Till SMINF 

5 MO TiriKMIVr 

suiurcT 

rnnnrj 

tluninuK /24 hrs 










turn of 

Ketiirn ot 

A\nil 

Keturn of 



finsnl 

Tr*!! 

"bng” 

lest dose * 

test dose * 

n))nit> ' 

tt st do^e 



doj 

dn\ 

dn\ 







VI ff 

VI p 

VI p 

r'e 

Vr 

'/r 

Vr 


SS 


0.83 


14.0 

2.4 

17.1 

4.2 


ED 


1.10 

0.39 

19.4 

2.0 

10.3 

2.8 

14.4 

PG 


1.10 

0.32 

17.G 

2.4 

13.G 

1.8 

10.2 

BS 

0.29 

1.15 

mSm 

20.2 

5.8 

28.7 

4.6 

22.7 

JO 



Bi 

19.8 

5.2 

26.3 

10.8 

54,5 

A\ crage 

0.25 

1.02 

0.39 

18.2 

3.5 

19.2 

4.8 

26.4 


* Urinary increment from dose = urinary output of \itamin on test clay — 
output on basal day) + (urinary output on day — output on basal day). 

urinary increment from dose 

Percentage return of vitamin in dose == r — “ X 

amount of test dose 

Percentage ^ _ 

percentage return of test dose -.Afv 

a\ailabilitv = : — X 100. 

percentage return of dose pure vitamin in solution 

ill an acetate buffer solution at pH 4 similar to the one used 
by Hocliberg' et al. (’45). These in vitro results indicated 
that mechanically added thiamine 'was much less firmly held 
by the cell inasmuch as 42% was released into the supernatant 
fluid, at the lowest level, increasing* to 83% as the thiamine 
content of the j^east increased. In contrast the yeast which 
had attained its high thiamine content by sjmthesis and ab- 
sorption during propagation released a maximum of only 
4% of its thiamine into the supernatant layer. Human bio- 
assays of thiamine availability from these 2 yeasts (table 4) 
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differed in the same direction as the supernatant concentra- 
tions, hut the difference was much less than would have l)een 
expected from the iu vitro results. The average 3.6% excre- 
tion of thiamine from yeast II-Z^ and the 4.8/f excretion of 
thiamine from yeast III-Z3 are not far apart particularly in 
vicAv of the large individual variations Avhile both differ sig- 
nificantly from the average excretion of 18.1% following the 
ingestion of pure thiamine hydrochloride by the same 5 
subjects. A similar divergence between the biological and 
in vitro release of thiamine from a high vitamin yeast has 
been reported by Hochberg et al. (’45). Whereas these 
workers found an in vitro release of 48-72% of thiamine in 
' their high vitamin yeast, physiological aA’ailability was found 
to be only 17%. 

The explanation of this evidence of differential release of 
yeast thiamine during in vivo and in vitro studies may be 
essentially the same as for the variation in the effects of 
different methods of drying of the yeast: i.e., a correlation 
with the actmty of the yeast cell. It might be questioned 
whether under the less faA’orable conditions of the acetate- 
buffer medium in the in vitro experiments, metabolic activity 
of the yeast cell was sufficiently normal to permit a character- 
istic uptake of thiamine. On the other hand, a more favorable 
medium for active absorption of thiamine by the live yeast 
cell than the buffered solution used is apparently furnished 
either by fermenting wort, judged by the fate of thiamine in 
the brewing process (Levine, ’41) or by the cliAune of the 
upper digestive tract, as far as the evidence of reduced 
urinary return of thiamine when live yeast is eaten, is valid. 

The mechanism for the inhibition of the availability of food 
thiamine is not known, but appears to be a competitive ab- 
sorption of tliiamine into the yeast cell in the digestive tract 
of the host. Other possibilities are being eA'aluated (Parsons 
et al., ’47). 

SrAIMAUY 

Thiamine in an unfortified fresh bakers’ yeast ingested by 
lunnan subjects was unavailable for absorption. Yeasts high 
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in tiiiamine content, eillier from propagation or from forti- 
fication yielded only a small proportion of tlieir thiamine 
for absoriition ; in the case of the highly fortified yeast a much 
larger proportion of thiamine was released in vitro in com- 
parison. 

The ingestion of a fresh unfortified bakers’ yeast as a sup- 
plement to a weighed basal diet lowered the urinary output 
of thiamine and therefore apparenth’- interfered with the 
absorption of food thiamine, this effect being greater on the 
larger 3'east dose of 150 gm iier dajL The duration of the 
peidod of ingestion of fresh 3'east affected the speed with 
wliich the previous level of urinaiy output of thiamine was 
again attained when 3'east was removed from the diet, in- 
dicating a progressive depletion of bod3’’ stores from ingestion 
of fresh 3'east. 

The diying of bakers’ 3'east did not of itself influence .sig- 
nificantl3' the etTect of the 3'east on thiamine absorption ; live 
dried 3'east suitable for leavening also withheld its thiamine 
from absorption and interfered with the absorption of food 
thiamine judged b3' decreases in urinar3’- output. On the other 
hand, bakers’ yeast killed b3' commercial dr3'ing jirocesses 
or b3' treatment in boiling water released its thiamine for 
absorption and offered no interference to absorption of food 
thiamine. 

It is believed that live 3'east cells in the digestive tract 
compete with the host for thiamine that is present. 
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Gfiffith and Wade (’39) observed a dramatic series of 
events occurring in young rats 6 to 8 days after they vere 
placed on diets deficient in choline. Necrosis, congestion and 
sometimes hemorrhages involving the cortical portions of the 
kidneys occurred, producing swollen, tense, “hemorrhagic” 
kidneys. Hemorrhages also occurred less frequently in the 
eyes, and occasionally in other organs. The sj*ndrome was 
fatal in a large percentage of the animals, presumably due 
principally to the renal insufficiency which ensued (Griffith 
and MuLford, ’41b). However, the animals which survived 
the critical period of 2 to 4 days after onset of illness showed 
* rapid recovery, even on the same deficient diet, and the hemor- 
rhagic appearance of the kidneys disappeared entirely within 
a few days, in spite of the progression of the fatty changes in 
the livers (Griffith, ’40b). The syndrome occurred most con- 
stantly in male animals under 30 days of age. 

The addition of choline to the diet completely prevented 
the syndrome (Griffith and Wade, ’39). IMethionine (Griffith 
, and Wade, ’40) and betaine (Griffith and Mulford, ’41a) were 
also effective, and it was presumed that this was explained 
by the utilization of methyl groups of these substances in. the 
synthesis of choline by the process of transmethylation ^ 
described by du Vigneaiid et al. (’39, ’41). 

'Welch Fellow in Internal Medicine of the National Research Council. 
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Varioiis vitamin B factoi-p, and vitamins K, 0, and P were 
ineffeetive against the lesions produced (Griffith and Mnl- 
ford, ’41b). Tlie syndrome eonld be jn’evented by limitation 
of the food intake. Increasing the casein level of the diet to 
about 25% increased the incidence, perhaps due to the more 
rapid growth, but above this level fhei-e was a rapid decline 
in incidence (Griffith and Wade, ’40), .supposedly due to the 
increased amount of methionine (above that required as 
methionine and cystine) available for choline s.vnthesis 
(Griffith, ’41a). Cystine, cholesterol and fat increased the 
lesions (Griffith, ’40a). Unilateral nephrectomy in adult rats 
on a choline-deficient diet caused the syndrome to develop in 
the remaining kidney during the period of hypertrophy 
(Handler, ’46). Renal decapsulation or administration of 
atropi]]e afforded protection in young rats, suggesting that 
the tubular necrosis is secondai’y to vascular changes, per- 
haps of neural origin (Dessau and Oleson, ’47), but the effect 
of the procedures on food intake was not recorded. 

During the course of an investigation of the liver and kid- 
ney injury produced in rats by diets containing pyridine 
(Baxter, ’45; ’46), it seemed desirable to use a diet low in 
choline and methionine but not so low that pathological 
changes would result, during the experimental period, from 
the diet alone. Diets containing 10-18% casein, with yeast, 
cod liver oil, corn starch, sucrose, lard and salt mixture, with- 
out added choline were used, and apparently were satis- 
factory. On these diets young rats somewhat above the most 
susceptible age were never observed to develop hemorrhagic 
kidnej'^s. Later, however, when the starch was replaced by 
sucrose, some of the animals did develop hemorrhagic kidneys. 

Griffith (’41b) stated, without presenting data, that starch - 
prevented hemorrhagic kidneys, and Handler and Dubin (’46) 
and Handler ( ’46) apparently observed some degree of pro- 
' tection. The mechanism of this protective effect was not in- 
vestigated by these authors, and no attempt was made to 
explain it. 
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111 the pi’eseiit inrestigation, the effects of sucrose and corn 
starch vrere compared, in more highly purified diets than those 
used in the pyridine experiments, and -when the incidence of 
illness and death due to hemorrhagic kidneys was found to he 
significantly lower with stai’ch, efforts were made to detennine 
the mechanism of this eft'ect. There seemed to he at least 3 
possible explanations: (1) a choline content of the starch 
sufficient to give some degree of protection, (2) the presence 
in the starch of 1 or more factors other than choline, capable 
of affording protection by forming choline or through some 
other action, and (3) an effect of starch itself in the intestinal 
tract, probably on the bacterial synthesis of choline or other 
substances. 


EXPEEIMENTAE 

Animals 

Twenty-one to 23-day-old rats (Sherman strain) were 
placed for several days on a stock diet and then transferred 
to experimental diets. !Most of the animals in the various 
experiments weighed from 30 to 45 gm at the time the experi- 
mental diets were started. In each individual experiment, 6 
to 8 animals of comparable ages and weights were run simul- 
taneously on the different diets. Care was exercised to make 
comparisons only between similar groups. The animals were 
kept in individual cages with large-mesh screen bottoms. Ap- 
proximately 250 rats were used. 

Diets 

The composition of the basal diet used in the experiments 
is show in table 1. The diet was prepared with sucrose or' 
corn starch as desired, and the various supplements added. 
Corn starch extracted by the procedures to be described, was 
used in some experiments. Coim starch heated in an oven at 
120°C. for 4 hours, and potato starch = were each used in 
1 experiment. 


* ManischeivUz. 
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All diets were given ad lihiinm and the amounts eaten re- 
corded at intervals of 1 to 3 days. 

TABLE 1 

Compoflition of hnml dirt. 


Casein * 20 

Hydrogenated vegetable oil 19 

Corn oil 1 

Sucrose or corn starch * 50 

Salt mixture* 4 


Supplements per Kilogram of Diet 



tn/7 


inff 

Thiamine chloride 

20 

Para-amino-benzoie acid 

10 

Pyridoxinc 

20 

Riotin 

0.1 

Riboflavin 

30 

Folic acid 

0.2 

Ca pantothenate 

50 

2-methyl-l, 4 •naphthoquinone 

1.5 

Nicotinic acid 

o 

o 

Cl 

df-a-tocophcrol acetate 

15.0 

Inositol 


Vitamin A concentrate 

CO, 000 U.S.P. units 

Ascorbic acid 

500 

Vitamin D concentrate 

0,000 U.S.P. units 


^ Vitamin test casein. 

*‘'Argo^* corn starch, Corn Products Refining Co., Argo, 111. 
* Osborne and ^ ten del. 


Choline determinaiions 

Choline deterniinatioiis were done hy the reineckate metliod 
as modified by Click (’44), with the following adaptions. 
Duplicate 25.0 gin samples of corn starch were mixed with 
equal amounts by weight of pulverized pumice stone, and 
10.0 gm samples with twice the equivalent amounts of pumice. 
Each sample was placed in a 33 X 94 mm extraction thimble 
and extracted in a Soxhlet extractor connected Avitli a 250 ml 
boiling flask, using a single 125 ml volume of methyl alcohol. 
The extractions were allowed to proceed for 24 to 36 hours. 
Liberation of bound choline was accomplished by hydrolysis 
with 50 ml of a saturated solution of barium hydroxide. 
Separation of the choline reineckate precipitates by filtration 
was performed in a cold-room. The precipitates were dis- 
solved in acetone which was collected in colorimeter tubes, and 
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readings Yrei’e niade on a Klctt-Suminerson colorimeter. 
KnoYm clioline chloride samples were run simultaneously by 
adding them to 50 ml volumes of barium hydroxide and sub- 
jecting them to the same subsequent treatment as the un- 
knowns. 


Starch-exiracis 

Fifteen-bundred-gm samples of com starch were extracted, 
twice by shaking with distilled water, 3 times by percolating 
with methyl alcohol, and once by percolating with ether. The 
solvents were separated by filtration and evaporated in a 
stream of warm air, leaving the extracted residues. Samples 
of some of the residues were taken for choline analyses. In 
3 experiments, the combined residues from 1500-gm samples 
of starch were added to 500-gm lots of the sucrose-containing 
diet, and in a fourth experiment, the water and first alcohol 
residues, and the remaining residues, were added separately 
to similar amoxmts of the sucrose diet. The starch-extract 
diets, therefore, should have contained any extractable prin- 
ciple in about 5 times the concentration that was present in 
the starch-containing diet, assuming that extraction was com- 
plete and that none was destroyed in the process of extrac- 
tion. The effects of the starch-extract-containing diets were 
compared with those of sucrose and starch diets. 

Succinylsulfaihiazole ( S8T ) 

Groups of animals were placed on diets containing sucrose, 
starch, starch plus 2% SST, and starch plus 2% SST plus 
0.2% choline chloride, and the effects of these diets compared. 

Examination of animals 

Animals were usually observed daily, weighed, and exam- 
ined for intraocular hemorrhages. Those which died during 
the experimental periods were antopsied and the kidneys, 
livers and. other organs examined grossly. Microscopic sec- 
tions of livers and kidneys were examined in a few cases. 
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Some of the surviving' animals in the early experiments and 
all of them in the later experiments, were antopsiecl after 
about 10 days on the diets. Tlie animals of 1 g-roup on the 
choline-deficient sucrose diet were killed at intervals during 
the development of the renal lesions in order to observe the 
early changes, and a small group on the starch diet were con- 
tinued on the diet for 4 months so that the chronic effects 
might be noted. 

Exambiaiion of vrhie and feces 

The gross characteristics of the urine and feces of all of 
the groups were noted, and the urine from a few animals was 
examined for albumin and blood. Groups of 4 adult rats each, 
were placed on diets containing starch, sucrose, and stai’ch 
plus 2% SST, and after 4 days on the diets, collections of feces 
were started and continued for 10 days. Choline determina- 
tions were done on the specimens. 

RESULTS 

Compaidson of effects of sucrose and starch diets 

As summarized in table 2, the incidence of illness and death 
from hemorrhagic kidneys was considerably gTeater on the 


taulk 2 ' 

Comparison of effects of diets containing sucrose and starch. 


diet 

N’trjfnrn or 

AN'IMAIaS 

Iliti WITH 
noss or WEiaiiT ' 

nr..\D \nTrr 
itK>rORRirAaic 
IvUVNEVS 

AVER-^OK 
DAILiY wt. 
ciArs' rmsT 

5 DATS ^ 



E'c 

ru 

am 

Sucrose 

50 

80 

62 

2.0 

Corn starch * 

44 

43 

16 

2.7 


* This table includes some of the animals of other tables. 

’In some of the early experiments, the surviving animals were not autopsied 
and tlio exact incidence of hemorrhagic kidneys "was not knomi, but these figures 
represent the approximate incidence. 

’ In the occasional animal which became ill or lost weight during the fifth day, 
the average gain during the first 4 days was used in calculating these figures. 

^ In some experiments extracted corn starch was used, while in others starch 
was employed without extraction. The protective eifect was not decreased by 
extraction. 
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sucrose diet than on the same diet containing- corn starch. The 
animals usually became ill a day or 2 earlier on the sucrose 
diet. Food intake and gro-wth were greater on the starch diet, 
so that the protection was not due to limitation of food intake. 

Potato starch was used in place of com starch in 1 experi- 
ment and seemed to be effective in preventing hemorrhagic 
kidneys. However, so much of the starch passed through the 
animals undigested, that gro-wth was poor in spite of much 
larger food consumption than on the com starch. With an 
equal food intake, the feces from a group of animals on potato 
starch weighed (after drying) 7 times as much as that from 
a group on corn starch. While the feces from animals on corn 
starch were grossly similar in appearance to that on sucrose, 
the feces on potato starch were much more bulla-, lighter in 
color and similar to that described in cases of refection (Bliss, 
’36). 

Choline conieni of corn starch 

The coi’n starch was found to contain 13 to 15 mg choline 
chloride per 100 gm.® The amount of stai’ch used per kilogram 
of diet mixture therefore contained about 80 mg of choline. 
It was found (table 3) that the addition of 100 mg of choline 
chloride per kilogi-am of diet did not significantly decrease 
the incidence of hemorrhagic kidneys, though this amount of 
choline did increase the rate of growth of the animals (com- 
pare with table 2), and the time of development of hemor- 
rhagic kidneys was delayed by 1 to 2 days. Two hundred mg 
perhaps affoi'ded about the same degree of protection as the 
starch, and an occasional animal was observed to develop the 
syndrome on the sucrose diet to which had been added 500 mg 
of choline chloride per kilogram. 

Effects of corn-starch-extracts 

After finding that the starch contained too little choline to 
account for its protective effect, it then seemed that there 

' The choline determinations TTere done on the starch as it -was used in the 
diets, without drying. There was a loss in weight of approximatelv 10% on drr- 
ing in an oren .at IO0°C. 
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might he present other protective factors, which would he 
active when extracted and added to the sucrose diet. 

To test this hypothesis, starch extracts were prepared as 
already described. Extraction with water produced a small 
amount of crystalline material, probably chiefly sugars. The 
water retained by the stai'ch diluted in decreasing degi’ee the 
alcohols used in successive extractions. A yellow pigment 
was removed principally by the first alcohol extraction; a 
brownish material^ which was insoluble in ether and acetone 
and was probably zein, was found principally in the second 
one; the latter 2 contained considerable amoimts of fatty 
substances. The ether extracts produced a pearly looking 
fatty material. 

Choline determinations done on samples of the residues 
extracted from the l.'iOO-gm lots of corn starch indicated that 
approximately one-third of the choline content of the starch 
had been extracted. This means that about 70 mg of choline 
were added to 500 gm of the sucrose diet by addition of the 
extracts. 

In the first experiment comparing the effects of diets con- 
taining sucrose, starch, and sucrose plus starch-extract, the 
extract appeared to produce a questionably beneficial effect. 
However, in subsequent experiments using the extracts, the 
animals fared about the same or even worse than those on the 
sucrose diet alone (table 3), in spite of the fairly large choline 
content of the extracts. In one experiment using a limited 
number of animals, it seemed that heating the unextracted 
starch might have decreased its protective action. In order 
to rule out the destruction of an active principle by the process 
of extraction, 2 groups of rats were fed the diet containing 
extracted starch, and the survival was at least as great as 
with unextracted starch. It had to be concluded that the 
protective effect was due to an action of the starch as a whole, 
or possibly to substances not extracted under the conditions 
used. 
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TABLE 3 

'Effects of sicircli'CxUacis, 


pn:T 

s-VMnr.r.or 

ANIMAW WEIGHT 

PKAO WITH 
lIEMORnirAOtO 
KIPNEYS 

AVKHACn 
DAinY WT. 
CAi>' rmsT 

5 DAYS 



rr 

rc 

{rm 

Sucrose -f combined extract 

18 

72 

44 

2.8 

Sucrose -f water-alcoliol extract 

6 

83 

67 

2.0 

Sucrose -f alcobol-etber extract 

6 

67 

50 

2.8 

Sucrose 100 choline 

chloride per kilogram 

IS 

78 

44 

2.7 

Sucrose -f 200 mg choline 
chloride per kilogram * 

Sucrose -f oOO mg choline 
chloride per kilogram ' 

Starch 

18 

39 

11 

2.9 

Extracted starch 

12 

17 

8 

3.3 

Heated starch 

6 

50 

33 

3.1 

Potato starch 

6 

Some ill but not due 0 
to hemorrhagic kidneys 

0.8 


* The animals of these groups were not entirely comparable with those of the 
other groups. 


Effects of siiccinylsulfatliiazole (S8T) on the 
protective action of starch 

At this point in the investigation, it was considered probable 
that tlie effect of the starch was dne to an influence on the 
production by bacteria in the intestine of choline or some 
factor necessary for the utilization of choline stores or cap- 
able of affording protection in some other manner. To in- 
vestigate this possibility, starch-containing diets with added 
SST were used. 

The addition of 2% SST to the diet did not cause the ex- 
pected increase in incidence of hemorrhagic kidneys (see 
table 4). Actually the death rate was somewhat less than 
without the SST. Again the food intake and growth were 
better than in the control animals. It was noted that the caeca 
of the animals receiving SST were, in every case, much larger, 
at the end of the experimental period, than those of the ani- 
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mals receiving sfarcli or sucrose diets witliout SST. This, 
however, was probably due chiefly to dilatation, and was not 
altered by additions of choline. 

In the 2 later experiments utilizing SST, biotin and para- 
amino benzoic acid were omitted from the diet. This did not 
alter the results. 


TABLE 4 

Effects of ftncnnylfnilfatUxazolc (SST), 


dikt 

NUirnnn or 

ANTMALS 

iirMORrtrrAOic * 
KIO.VrYS 

T>r.\3> vriT« 
iirsfORRrrAOio 
KID KBITS 

Avn.M<7r 

DMbV A\T, 
OAiKrnerr 

5 



f j 


ffm 

Starch + 2% SST 

Starch -f 2% SST -f 

14 

43 

7 

2A 

0.2% choline chloride 

G 

0 

0 

2.3 

Starch 

H 

ilf) 

2S 

2.3 

Sucrose 

13 

02 

54 

1.7 


‘ Tho surviving animals Avero autopsied on tlic tenth day. 


Cliolive coiiicni of the feces 

Significant amounts of choline were not found in the feces 
on any of the choline-deficient diets. 

Effect of cliolhje on the consistency of the 
diet mixtnres 

The basal diet, iTarticularly when made up with sucrose, 
was soft and stickj^ Wlien choline was added, the mixture 
immediately became much firmer and more granular. As little 
as 5-10 mg of choline chloride iier 100 gm of diet produced 
a noticeable change in consistency. The mechanism of this 
etfect was not extensively investigated but it seemed probable 
that it was due to a change in the physical state of the mixture 
not entirely explained by the hygroscopic effect of the choline 
chloride. 

Pathological observations 

Most of the animals which became ill on the choline-deficient 
diets, exhibited the renal lesions previously described by 
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others, consisting of intense vascular congestion and some 
liemorrliages, and necrosis of the renal tubules particularly in 
the cortex. Some of the animals vbicb were killed while still 
apparently healthy exhibited hyperemia and congestion of the 
vessels in the capsule and adjacent tissue. 

In the acute stages of illness, the urine usually contained 
albumin, and sometimes appeared red but was not found to 
contain blood. In the animals which survived the acute stages, 
the resolution of the lesions was much like that described hy 
Christensen (’42). However one of a small gi-oup of animals 
maintained on the choline-deficient diet for 4 months, died, 
apparently of renal insufficiency, 3 weeks after being placed 
again on the stock diet, and the kidneys were found to be 
severely scarred. 

The incidence of intraocular hemorrhages was a little more 
than one-tenth that of hemorrhagic kidneys. In most cases 
the hemorrhages appeared to originate near the periphery 
of the lens. Opthalmoscopic examination was attempted in a 
few animals where the hemorrhages were not so extensive 
as to make visuahzation impossible. Ho lesions to account for 
the hemorrhages were observed. Some animals which ex- 
hibited intraocular hemorrhages survived and were placed on 
the stock diet and observed for prolonged periods. In cases 
of massive hemorrhages, there was organization of the blood 
with fibrosis and loss of vision, while slight hemorrhages were 
resorbed vlth little visual impairment. 

Most of the animals with hemorrhagic kidneys had livers 
which appeared slightly to markedly fatty. Two animals on 
the starch diet, which died presumably of hemorrhagic kid- 
neys, were found on autopsy to have an acute focal necrosis 
of the liver, with grossly normal kidneys. 

Discnssiox 

Fletcher, Best and Solandt (’35), using the method of 
acetylation and hioassay, reported a value for the choline 
content of com starch higher than that found in the present 
study. It is possible that this discrepancy represented a real 
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difference in tlie choline content of the 2 starches. It is doubt- 
ful, however, that even the value reported by the investigators 
referred to, is sufficient to account for the anti-heniorrhagic- 
kidney effect of the starch. Furthermore, as has already been 
pointed out, the extracted starch, from which a significant por- 
tion of the choline had been removed, was just as effective 
as the unextracted starch. 

Since others have experienced no difficulty in producing the 
hemorrhagic-kidney sjuidrome on diets containing 5 to 6% 
yeast, which must have contained at least 200 mg of choline 
per kg of diet according to the data of Engel ( ’42), it appeared 
unlilcely from the beginning that the protective effect of starch 
was due entirely to choline. It was thought more probable that 
the starch contained other substances with labile methyl 
groups, not precipitated by reineckate in alkaline solution, 
or factors affording protection through some other mech- 
anism, and that this study might provide an opportunity to 
isolate and identify the active substances. Engel (’42) ob- 
served that dried beef liver gave greater protection when fed 
with a choline-deficient diet than was accounted for on the 
basis of its choline content as determined chemically, and 
Lucas, Norris and Heuser (’46) reported that crude diets 
contained more “choline” by the microbiological method than 
by the reineckate determination. However, the inactivity of 
the starch-extracts, in spite of the fact that the extractable 
substances of the starch were not completely removed as 
judged by the choline content of the extracts, made the pres- 
ence in starch of significant amounts of other protective 
factors unlikely. The diets containing the starch-extracts had 
a higher choline content, by a factor of approximately seven- 
fourths, and a much higher relative content of many of the 
other extractable substances, than the diets containing starch 
itself. The possibility remains, nevertheless, that the extracts 
may have contained some substances in lower proportion. 
More complete extraction of smaller amounts of starch, or of 
equal or greater amounts with elimination of the choline, 
would dispose of this uncertainty only if a positive result 
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were obtained in the form of greater protection by tbe extracts 
than accounted for on tbe basis of cboline content, and tins did 
not seem sufficiently likely to justify tbe laborious procedure. 

Tbe question of tbe effect of tbe starch on the intestinal 
synthesis of cboline remained. duVigneaud and associates 
(’39) demonstrated that labile methyl groups, which are an 
essential part of the choline molecule, cannot be synthesized 
in the body of most rate in necessary amounts, and constitute 
a dietary requirement, though an occasional rat may be able 
to grow on tbe methyl-free, homocystine-containing diet (with 
the carbohydrate in the form of sucrose). After feeding DoO 
with a casein diet, it was shown (du Vigneaud, Simmonds, 
Chandler and Cohn, ’45) that the methyl groups of choline 
isolated from the animals, contained a small amount of 
deuterium, indicating that some synthesis of methyl groups 
had occurred, probably in the intestine. Other investigators 
(Bennett, Medes and Toennies, ’44) have observed more con- 
sistent growth on methyl-free diets, due, in Bennett’s (’46) 
opinion, to a difference in the pre-exp erimental diet, and have 
obtained inhibition of growth by addition of succinylsulf athia- 
zole to the diet (Bennett and Toennies, ’46). However, since 
growth continued for a month after adding the SST, and 
was not resumed when the SST was removed without first 
returning the animals to the stock diet (Bennett, ’46), it is not 
entirely clear what the effect of the SST was. 

It has been shown that the bacterial flora of the intestine 
may be influenced by the composition of the diet (Herter and 
Kendall, ’09), and that the amounts of vitamins produced by 
the intestinal bacteria mav also be modified by changing the 
diet (Guerrant and Butcher, ’34). It seems, though, that if 
the protection afforded by starch against hemorrhagic kidneys 
was due to an increase in the synthesis of a protective factor 
in the intestine, that it would have been prevented by the 
SST. The results with SST did not rule out a decreased pro- 
duction of an aggravating factor as a result of substituting 
the starch for the sucrose, and it is possible that the choline- 
producing organisms were resistant to the SST in the con- 
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ceiitralion used, or that the 5- to 8-day period necessary for 
the development of the hemorrhagic syndrome was not long 
enough for the maximum effect of the SST. 

Handler ( ’46) noted that hemoniiagic kidneys did not occur 
on diets with the carbohydrate in the form of lactose or galac- 
tose, apparently because of the general nutritional failure on 
these diets. This explanation was not applicable to the results 
obtained in this study vuth starch, for the nutritional state 
remained good. 

The observation by others that the incidence of hemorrhagic 
kidneys in animals on choline-deficient diets is less when the 
animals are caged together than when kept in separate cages, 
suggested that choline determinations on the feces might 
provide evidence of intestinal synthesis. Biological assay of 
the feces for protective factors might have given more in- 
formation than the chemical determinations. 

The number of animals used was too small to permit definite 
conclusions regarding the apparent enhancement of the pro- 
tective action of starch due to its extraction. 

The acute focal necrosis of the liver and chronic renal in- 
jury of fatal degree, which were observed in a few animals in 
this study, have not been noted in similar studies by most 
investigators. Although the animals were apparentl}’ healthy 
in the pre-experimental periods, these lesions could not he 
attributed with certainty to choline defieienc}’’. The intraocular 
hemorrhages bore at least a superficial resemblance to those 
of unknown etiologj^ which occur fairly commonly in young 
men, and while it does not seem likely that the human disease 
is due to choline deficiency in most cases, the possibility that 
the defect maj’' be related through other common factors to 
that in the experimental syndrome should be considered. The 
nature of the rather widespread vascular disturbance pro- 
duced by choline deficiency, which may even he responsible 
for the renal necrosis, perhaps as a result of renal anoxia, 
has not been definitely determined or extensively investigated. 
The similarity of the renal lesions of the rats to those seen 



ST^VKCH AXD HEMOiniHAGIC SYNDROME 


347 


in tlie liiimau syndromes characterized by acute bilateral cor- 
tical necrosis, lias been commented on by Christensen ( ’42) . 

SUMiLVBY 

The incidence of illness and death due to the hemorrhagic- 
kidney syndrome in yoimg rats on a choline-deficient diet, "was 
significantly less when the diet contained corn starch, than 
when the carbohydrate was in the form of sucrose. 

This effect of the starch Avas more than that produced by 
the addition to the sucrose diet, of more choline than vraR 
contained by the starch. Addition of increments of choline 
resulted in more rapid growth and a later appearance of 
hemorrhagic kidneys, before there was a significant decrease 
in the incidence of the syndrome. 

Eesidues from extracts of the starch did not afford pro- 
tection when added to the sucrose diet, and extracted starch 
was at least as effective as unextracted starch. 

Addition of 2% suceinylsulfathiazole to the starch-contain- 
ing diet, did not diminish the protective action of the starch, 
and on none of the choline-free diets were significant amounts 
of choline found in the feces. The caeca of the animals re- 
ceiving suceinylsulfathiazole became markedly dilated. 

In spite of the failure to obtain evidence of an increased 
bacterial synthesis of choline on the starch-containing diet, 
some effect within the intestinal tract appeared to be the 
most probable explanation of the protection afforded by 
starch, though the possibility of other protective factors in 
the starch was not entirely eliminated. 

The lesions which were observed on the choline-deficient 
diets, and the significance of the vascular disturbance, were 
discussed. 
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THE QUALITY OF THE DIET AHD THE 
CONSUMPTION OF SUCROSE SOLUTIONS^ 


C. ir. McCAT AND EVA EATON 
Animal Kutrition Lahoratory, Cornell TJniversityf 
Ithaca, Xew Yorl: 

(Eeceived for publication June 16, 1947) 


In 1939 the national expenditure for soft drinks vras about 
$400,000,000 (Eeid, ’43). The following studies of the past 
4 years have attempted to use the white rat to determine 
some of the factors that influence the consumption of these 
beverages which consist chiefly of a 10% solution of sugar 
with flavors, coloring matter and acids such as phosphoric and 
citric. Previous studies have already been published in re- 
gard to the etching of the enamel of the teeth by these 
beverages (Bieri, McCay, EestarsH and Gortner, ’46). 

EXPEEIMENTAL 

The water consinnpiion of the white rat 

Eleven rats were used to measure the water consumption 
when fed our stock diet.- Calibrated glass tubes were used 
for these measurements. Rats were about half grown at ther 
start of the study. Six studies were made covering the 
months of August, September and October. The results are 

immarized in table 1. 

* Tlicse experiments were started at the Naval Medical Research Institute, 
Bethesda, Marvland, and concluded in the Animal Nutrition Laboratory, Cornell 
University, Ithaca, New York. Assistance in the earlier studies was given bv 
June Sullivan and E. A. Gortner, Jr. This research was financed in part bv a 
grant from the Office of Naval Eesearch to determine factors responsible for the 
deterioration of gums, teeth and vestment tissues. 

“ G.L.F. Dog Meal produced in Canandaigua, New York. 
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The relafive consumpiion of sucrose solution 
and water as a rat grows 

A series of exploratoiy studies using 140 rats Avas made to 
determine if the growing rat would tii'e of the daily ingestion 
of sucrose solutions, or sucrose-phosphoric acid as found 
in cola beverages. Paired rats were used to compare the 
relative amounts of water and sucrose solution consumed at 
different periods from weaning until the rats Avei’e 100 days 
old. In part of the trials, the rats were not used until they 
weighed 100 gm. 

Detailed data from these studies are not presented since 
the results were the same in each trial. A period of 5-10 days 
was required for most rats to develop their taste for sucrose 
solutions, so that daily performance was consistent. After 
this the amount drunk increased regularly until the experi- 
ment terminated after 70 days. 

In one typical study 2S rats were divided into 2 groups. 
One gi-oup was given sucrose solution and the other group 
watei’. The animals Avere caged individually. During the 
first 28 days the mean water consumption per day Avas 22 ml. 
Per 100 gm of body Aveight per day it Avas 19 ml. During the 
next 42 days the comparable values Avere 21 ml per day and 
12 per 100 gm of live Aveight. 

During this same period those given sucrose consumed dur- 
ing the first period a A'olume each day of 28 ml, or 24 ml per 
100 gm of live Aveiglit. During the next 42 days the mean con- 
sumption was 46 ml per day and 22 per 100 gm of live weight. 

The Avater consumption of a groAAung rat increases only 
slightly as it gi-ows and declines in relation to its total body 
weight. The consumption of sugar solutions increases as tin. 
I’at grows and maintains a fairly constant ratio to the Ir. e 
weight. ^ 

In the course of these exploratory studies, other vari'ibles 
Avere introduced for comparison such as a commercial cola 
beverage as sold, a water solution containing ItyPO^, ( 18 mg 
per liter) and a 10% sucrose solution containing this same 
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amount ot H3PO4. All solutions coutaiuiug 10^ suciosc gave 
the same results so neither the phosphoric acid nor other con- 
stituents of the commercial cola beverage, such as caffeine, 
modified the amount drunk by the rat. 

The effect of level of sugar in the diet upon the 
drinhing of sugar solution 

In feeding men in the Navy, the proposal had been made 
that less soft drinks vrould he purchased if more sugar were 
employed in the ration. Two diets were devised to determine 
if sugar in the diet might modify the rat’s consumption of 
sugar solution. The percentage composition of diet A was 
as follows: sucrose 48, salt mixture 4, casein 25, dry brewer’s 
yeast 10 (mixed 1/50 with irradiated yeast), hydrogenated 
cooking fat 10, and cod liver oil 3. Com starch was substituted 
for sucrose in diet B. 

Young adult rats were divided into 2 groups and caged in- 
dividually for this study. Each had access to water and 10% 
sucrose solution. In the course of 4 weeks, (table 2) no dif- 
ference was found between those fed the diet rich in sugar 
contrasted with those fed the starch diet. Very little water 
was drunk. The mean consumption of sucrose solution was 
60 and 61 ml per day. 

Using the same animals a second trial was run feeding 
diets still richer in carbohydrates. In this case the sugar or 
starch was mixed to comprise 74% of each diet while the 
per cent of all other constituents was cut in half. This was 
done by mixing equal weights of sugar with diet A, and 
starch with diet B. In table 3 these new diets are designated 
Ai and Bi. 

The results (table 3) provide no evidence that the sugar 
'evel of the diet modifies the amount of solution drunk by 
he rat. However, in the second experiment the quality of the 
u»et was reduced in essential nutrients by dilution with carbo- 
liydrates. The amount of sucrose solution consumed by every 
individual on both the starch and sugar diets was reduced 
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during this period of 4 weeks. This was the first of a number 
of observations that suggested the possibility of using the 
volume of sugar consumed by the rat as an indicator of 
deficiencies in diets. 


Calcium in llie diet and sucrose consumption 

The experience with diets rich in carbohydrates indicated 
that the composition of the diet influenced the rat in the 
amount of sucrose beverage consumed, but did not indicate 
which of many variables might be responsible. 

Additional clues were found in the course of another ex- 
ploratory experiment. Plans were made to determine whether 
the teeth of growing rats were more subject to the etching 
effect of cola beverages when these rats were fed diets very 
low in calcium. A food mixture was prepared with the follow- 
ing percentage composition: corn meal 76, cottonseed oil 10, 
corn germ 5,^ dried brewer’s yeast 5, cod Kver oil 3, and 
sodium chloride 1. A second diet was prepared that would 
provide the animal with less calcium by mixing each 100 
of the above feed with 50 mg of sodium oxalate. 

Sixteen young rats were divided into 2 groups and placed 
upon the above diets. Each of these was subdivided so that 
6 were given water to drink, 5 cola beverage and 5 of them 
10% sucrose solution. 


The ori^nal purpose of the experiment had to be abandoned 
because the consumption of the cola beverage and su^-ar solu- 
tions was so low that comparison could not be made with 
precechng stu(hes. The average was 9 ml of sugar solution 
in contrast to 12 ml of water daily per 100 gm of live weight. 
In spite of^ the low calcium diets these rats all lived and 
doubled their body weights in 12 weeks. 

In contrast a similar experiment was made with vouno- 
hamsters during the same period and on the same diets. aTo? 

e hamsters died, indicating a much greater sensitivitx- nf 
this species to low calcium diets. sensitmh of 

At the end of 12 weeks, individuals were given sunnlement^; 
of bone „,C 0 I ealoi™ eartono.o or casoi.,! 
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response in each case as indicated by the drinking of more 
sucrose solution but this was the most marked in the case 
of those fed bone meal. Rats kept on the low calcium diet but 
changed from sugar solution to water responded at once by 
an increase in fluid consumption. 

These exploratory studies indicated further that the amount 
of 10% sugar solution drunk by a rat represented a response 
to the quality of the diet. One of the factors indicated was 
calcium. 


Bcfiponsc to calcium^ vitamins and casein 

Two years after the above observations were made at 
Bethesda, Maryland, this study was extended. External con- 
ditions were more uniform since the rats were now kept in 
an air-conditioned laboratory. 

Two experiments were completed following the earlier 
method of dihating an adequate basal diet with starch. In this 
case the basal diet consisted of the stock feed used in rearing 
our breeding colony. In a preliminary trial "with gi’owing rats 
3 parts of this basal diet were mixed with 1 of corn starch. In 
paired feeding trials young rats gi'ew as well upon this 
diluted diet as upon the stock diet itself. Furthermore, the 
consumption of 10% sugar solutions by rats upon both diets 
was the same, indicating that rats sensed no deficiency in the 
basal diet. 

Earlier experience had indicated this stock diet could be 
diluted even further without any reflection in the develop- 
ment of growing rats provided the diet were mixed with 3 
parts of corn starch. Thus the protein was reduced to about 
7 %. 

This mixture was used in 2 studies, 1 with adult rats 5 
months of age, and 1 with rats 5 weeks old. In each case rats 
were paired on the basis of sex and litter. One rat of each 
pair was fed the stock diet: the other was fed the diet diluted 
with 3 parts of starch. Rats were caged individually and 
allowed all of the 10% sucrose solution they desired. The 
amount was measured daily using 100-ml graduated tubes. 
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In eacli study before adding supplements for test, a pre- 
liminary period of 8 weeks for tbe adult rats and 4 for the 
young ones was allowed mitil tbe differences between the 
consumption of sugar solutions by tbe 2 groups became sig- 
nificant. 

After this, various supplements were added first singly, 
then in pairs and finally in trios. These additions included 
water-soluble vitamins, calcium gluconate, yeast, vitamin A, 
and casein. 

The re.sponse could be judsed by comparing the volume of 
solution drunk by the test animals and the controls. These 
supplements are indicated in tables 4 and 5. 

The response of the older group to calcium in 3 different 
periods is evident (table 4). The consumption of the sugar 
solution in each case actually exceeded the control. In light 
of the recent findings (Kane and McCay, ’47) that a higher 
level of calcium is required to maintain a rat in calcium 
balance as it grows older, this result may be partly explained. 
None of the other substances tested gave a response like 
calcium. 

The results with the growing rats (table 5) were similar in- 
asmuch as they responded to calcium but not when this was 
the sole addition. Neither calcium alone nor in combination 
with a water-soluble vitamin as riboflavin or a source of pro- 
tein such as casein gave a response. However, when the sup- 
plement consisted of calcium, vitamin A and yeast or casein, 
the consumption of the sucrose solution exceeded the control. 

Thus the growing rat would seem to sense a combined de- 
ficiency of calcium, vitamin A and protein but not one with 
respect to the water-soluble vitamins contained in the yeast. 
Inasmuch as this study was not made with synthetic diets 
known to be deficient in water-soluble vitamins, the only 
definite conclusion is that under these conditions the volume 
of sugar solution consumed may serve as a criterion of 
calcium deficiency and possibly of others such as protein. 

Kecent exploratory studies indicate that old rats in the last 
third of life may lose their abilities to sense some common 
deficiencies that are readily sensed in the first third of life. 
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tablt: 4 


Consumption of sup nr sohition hp pounp adult rats. 
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TAUU: i 

Cotnumption of auour solution by young adult rats. 



rxMK r.ujus 

AV Mli PUUN’K I'Ki; ILVT 

«Y PLIilODS * 


pan PAY 

IN' WilLKH N'O. 0>’ 

Kxpt'rnaciit.il 

ffroup 

Control 

ffroop 

L 1 


Preliminary period 





i basal 
plus 

1 starch 

Basal 


None 

9 10 

01.1 ± 19.0 

39.1 * 2i.l 




i basal 
plus 
} starch 

Basal 


None 

S 9 

•js.l ± 19.T 

00’9 ± 20.5 



First supplementary period 



50 /ig' tliiamuie 

200 jug riboflavin 

100 Dig calcium 

2.5 gm yeast 

3 3 

3 2 

3 2 

3 2 

51.2 ± 18.1 
33.7 ± r.2 
09.S ± 28.3 
38.1 ± 10.8 

54.5 ± 25.4 

67A ± 12.5 

69.0 it 21.0 

63.5 t: 13.5 

0 

3 


Second supplementary period 



1.7 gm casein 

5 3 

54.2 It 2S.6 

81.0 ± 30.6 

2 

1.7 gm casein + ] 
6 /ig vitamin A J 

1 

^ o 3 

58.7 2G.5 

B3.4± 9.3 

2 

1.7 gm casein -j- 
6 /ig vitamin A -f* 
100 mg calcium ^ 

j- o 3 

75.4 ± 20.2 

60.7 ± 14.6 

2 


Tliird supplementary period 



1.7 gm yeast 

5 3 

49.9 ± 16.9 

S0.3 t: 33.5 

s 

1.7 gm yeast + ] 

6 fig vitamin A J 

\ 

1 5 3 

67.9 ± 16.1 

77.7 ± 7.3 

t 

1.7 gm yeast -f ^ 

6 fig vitamin A -f- ^ 
lOO mg calcium J 

1^ p 3 

04.1 ± 16.9 

62.3 It S.S 

2 


* Means ±: standard deviations. 

* Significant at 1% level. 



PROTEIN ASSAY BY EAT GROWTH: 

A COMPARISON OF (a) LITTER MATES VS. RANDOMLY SELECTED MALES, 
AND (b) MODERATE RESTRICTION OF FOOD INTAKE VS. 

AD LIBITUM FEEDING 

ROBERT A. HARTE, JOHN J. TRAILERS AND PETER SARICH 
Research Laboratories, The Arlington Chemical Company ^ Tonlers, 27ew YorJ: 

ONE riGUBE 

(Received for publication June 13, 1917) 

Numerous laboratories bave adopted rat growth methods 
as meaus for an evaluation of proteins and protein hydro- 
lysates. Direct comparison of results among several labora- 
tories shows striking cpialitative agreement; quantitative 
variations are encountered as direct sequelae of a host of 
variables. To name only a few these would include ration 
composition, animal strain, level of test feeding and caloric 
intake of animals. 

Studies of the roles of some of these variables under homo- 
geneous conditions have been reported from many labora- 
tories. ]\[itchell (’44) and Barnes et al. (’45) have recently 
compared ad libitum and paired feeding technics. Barnes 
and Bosshardt (’46) have demonstrated the effects of level 
of protein fed on rat growth and protein efficiency. Forbes 
et al. ( ’46) showed the consequences of variation of fat level 
in the ration on rat growth. Vitamin supplement effects have 
been explored by Bosshardt et al. (’45), Harte and Travers 
( ’47), Harris and Hove ( ’47) and others. VvTiether strepogenin 
plays a role in protein utilization has been explored by Woolley 
(’45) and Womack and Bose (’46). Comprehensive biblio- 
graphies are -given by Block and Mitchell (’46- ’47) and 
Mitchell and Hamilton (’29). 
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SUMMAKV 

Rats fed an adequate stock diet drink about 12 ml of water 
or 24 ml of 10% sucrose solution per day per 100 of live 
weight. The water consumption of growing rats in relation 
to body weight declines progressively as the rats mature, 
while the sugar solution drunk is relatively constant. 

No evidence has been found that rats tire of a sugar solu- 
tion. Diets rich in sugar or starch produce no decrease in 
the drinking of sucrose solutions unless the high caz'bohydrate 
dilijtes essential nutrients to a low level. 

TiTien fed diets low in calcium rats refuse to consume cola 
beverage or sucrose solution except in amounts to provide 
water. Vnder such conditions the amount of suci'ose sohitioii 
drunlc is lower than normal water consumption. 

Wizen an adequate stock diet was diluted zvith 3 parts of 
corn starch, the amount of sucrose solution consumed zvas 
observed to depend upon supplementing the diet zvith calcium 
in the case of adult rats; in the case of grozving rats, a high 
level of sucrose solutioiz zvas drunk only zvlzen the diet was 
supplemented zvith protein, vitamin A and calcium. 

An adult rat drinking daily 72 ml of sucrose solution ex- 
creted 43 ml of urine in contrast to a i-at drinking 40 ml of 
zvater and excreting 15 ml of urine. 

Eats lactating heavily di’ank 69-71 ml of sucrose solution 
and 17-24 ml of water. 

Bxploi’atory studies indicate that the rat’s abilitz^ to detect 
certain dietary deficiencies may decrease zvith advancing age. 
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The surviving 49 randomly selected males were divided into 
4 groups of 10, and 1 of 9, adjusted only to give corresponding 
average weights. These groups were designated A', B', C', D", 
and E' and the 10 groups were maintained on the casein 
ration according to the schedule, groups A, B, G and A', B', C' 


T.VBLE 1 

Composition of ration jised. 


5 mg 
8 mg 

13 mg 
13 mg 

6 mg 


^ GBI (General Biochemicals, Ine.) salt mixture was used. 
*Labco Vitamin Free casein (Borden) was used. 


Lard - 90-0 gm Thiamine 

Salts 40.0 gm Riboflavin 

Cod Uver oil . . 20.0 gm Xiacin 

Wheat germ oil - . . 10,0 gm Calcium pantothenate 

Choline ^ * 1*8 gm Pyridoxine 

Casein - to yield 1.6% nitrogen 
Starch q.s. to make a total of 1 kg 


TABLE 2 

Distribution of groups. 



LITTER 3IATE3 


RAXDOilLT SELECTED i£ALE3 

Group 

Distribution by sex 

Average 
body weight 

Group 

Average 
body weight 

A 

•id* 

6$ 

am, 

73.2 ± 3.9 > 

A' 

am 

78.3 db 2.2 

B 

Ic? 

60 

73.7 ±. 1.7 

B' 

78.0 rt 3.4 

C 


60 

73.2 ±: 1.7 

C' 

77.9 -iz 2.7 

D 

flc? 

4$ 

75.0 ±: 1.8 

D' 

72,1 dt 3.1 

E 


40 

75.2 3.2 

E' 

74.0 ri: 2.4 


^ Indicated limits represent standard error (s.e.) of the mean, where 

_ > ^ (n— 1) 

individual values and x the group mean, n representing the number of individuals. 
This convention is employed in all following tables, where relevant. 


being restricted to not more than 10 gm of ration daily; 
gioups D, E, and D', E' were fed ad libitum. W^ater consump- 
tion was not restricted for either group. Pood intakes were 
measured and spillage was collected daily. The animals were 
weighed weekly. * ' 
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In the establishment ot‘ a standard method for evaluating a 
protein or protein Iiydrolyzate for pIiarmacoj)oeiaI i)urposcs, 
for example, certain requirements must be met. The technic 
decided upon must bo relatively simple, yet reproducible; it 
should give uniform results in the liands of any laboratory 
group engaged in such work and must have good discrimina- 
tory capacity. For l)oth control and enforcement jiurposes the 
test devised must not permit making too many errors of 
either the first or second kind ; Jiamely, rejection of satisfaetoiy 
preparations or acceptance of sub-standard preparations. 

This report deals with a survey of 2 characteristics of ex- 
perimental design which might be expected to play a I’ole 
in the discriminatory capacity of such a tost, namely, (1) the 
use of litter mate.',' and (2) the resii-ietion of dietary intake 
imposed by putting an upper limit on the amount of food 
offered. Data on roles played by these factors do not seem 
to be available in the literature. The imposition of an upper 
limit on amount of food offered has been successfully used 
in protein regeneration studies conducted on the rat by 
Frazier et al. ( ’47). In the study reported in the present paper 
a total of 99 animals were observed when fed an identical 
casein i-ation and the data subjected to statistical analysis. 

EXPERIMENTAL 

Table 1 shows the ration used in these experiments. This 
diet is estimated to provide 4.5 eal. per gm. Ten litters (d rats 
each) and 50 randomly picked males ^ were caged separately 
in an air-conditioned animal room (76°F.) and put on our 
basic casein ration. After 1 week 2 animals had died and 1 
had failed to gain more than 5 gm and was therefore discarded. 

At this time the remaining litter mates were divided into 5 
groups of 10 to which 3 and 2 rei3resented matched units with 
respect to litter, sex and average weight (see table 2). 

* From Rockland Farms. The cooperation of Harry G. Herrlein of Rockland 
Farms in making these litters and the randomly selected males available is 
greatly appreciated. 
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occuiTence of much greater standard errors. Protein effi- 
ciencies were not very different for both random males groups, 
but the values for the litter mates groups do not agree well. 

When the weight data for the sibling of the rat in group E 
which died were discarded from group D and an analysis of 
variance carried out, the difference between litter mates is, 
surprisingly, statistically significant, with an associated, 
probability of about 0.03. Similar examination of the cor- 
responding protein efficiency data also reveals a significant 
statistical difference, with an associated probability of about 
0 . 01 . 

TABLE i 

Weight gains and protein ejjiciencies of groups fed ad libitum. 


GROUP 

n 

WEIGHT GAIN 

PEOTEIX ETTICIEXCT 

remarks 



fJVfl 



D 

10 

69.7 ± 4.3 

2.18 It O.OS 

Litter mates 

E 

9 

82.3 ± 4.7 

2.45 0.06 

Groups 

D' 

E' 

10 

9 

81.6 ± 7.4 

75.1 i 2.3 

2.44 n 0.10 

2.36 0.06 

Groups of 
randomly 
selected males 


Of some interest, too, is the fact that the spillage average 
for the 58 rats whose rations were restricted was only 8.8 gm 
during the 28-day period, while the 38 animals fed ad libitum 
apparently lacked the incentive of restriction to acquire neater 
eating habits and showed an average spillage of 39.5 gm. 

At the end of 6 weeks on these rations the data were again 
analyzed; the relative results were entirely unchanged and 
therefore are not reported in detail. 

Discussinx 

Since the basic experimental design was such as to exclude 
the existence of any differences between rations the statistical 
conclusions apply to situations apt to be encountered more- 
or-less rarely in assays where no true differences exist be- 
tween rations being compared. We feel that these data sug- 
gest that the added refinement of the litter mate technic offers 
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RESULTS 

During the first week 2 rats died. The deaths occurred in the 
litter groups C and E and wore of animals that had gained 9 
and 16 gm, respectively, during the pre-conditioning period. 
During this first week, too, 3 animals gained less than 5 gm, 
although they had respectively gained S, 22 and 25 gm pre- 
viously. One additional fatality occurred in group B' during 
the third week of the test pex'iod. 

At the end of •! Aveeks the weight gains were scored and 
analyzed. The results will be considered, first, for those 
animals restricted to 10 gm of ration daily. Table 3 gives the 
weight gains, and protein efficiencies, together with their 


T.VBIiE 3 

Tf^eiffht gains anil protein ejjicienvies of grovpi; w\th reHljicted food intal'c. 


r»ROL'P 

n 

WKIOUT GAIN 

PUOTEIN EV'EICIUNCV 

UUSIARK'7 






A 

10 

G0.9 ± 2.0 

2.39 i: O.OS 

Litter mates 

B 

10 

62.2 ± 1.4 

2.35 It 0.0.1 

C 

9 

63.3 ± i.r 

2.37 2: 0.06 

Groups 

A' 

10 

GO.O ± 2.S 

2.42 ± 0.08 

Groups of 

B' 

9 

G2.1 2: l.S 

2.40 0.06 

randomly 

C' 

10 

62.9 2: 2.1 

2.38 0.07 

selected males 


standard errors. Prom this table it is evident that there is no 
significant difference betAveen any 2 of the 6 groups, Avhence 
there appears to be no advantage in using litter mates as 
compared to randomly chosen males. 

Since 1 of the litter mates in group C had died during the 
first week, the data for its siblings AS'^ere segregated from the 
J other 2 groups and an analysis of variance carried out by 
standard methods as described by Fisher ( ’41) and Snedecor 
( ’40). This analysis shoAved no rednetion in mean square value 
among litter mates. 

The data coming from the groups fed ad libitum (table 4) 
shoAved strildngly different results. The mean gains Avere 
someAvhat greater and more irregular, Avith the concomitant 
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diminisli by almost 20% the food consumption from the ad 
libitum level. 

It is most important to reduce the experimental variance 
as much as possible to help avoid making the errors, first, of 
reporting differences where none exist, and second, of failing 
to recognise differences which do exist. For example, previous 
experiments have suggested that randomly chosen males fed 
10% casein ad libitum in somewhat similar rations gain on the 
average 80 gm in a 30-day period, with a variance, for a 
single animal, of 400 (The pooled variance for groups 

D' and E' is 316 gm-; the pooled mean, 78.5 gm.) When 
these were assumed to be the true parameters of the perform- 
ance of casein it was possible to calculate for all experimental 
preparations whose true mean gain values ranged from 50 to 
100 gm with constant variance (400 gm-) the probability of 
making false decisions on a 90% criterion; i.e., preparations 
whose performance is poorer than 90% of the performance of 
casein are to be rejected. 

WTien these estimations were made it appeared that a false 
decision would be made on the average 3 times in every 15 
assays of products whose true values were in the range from 
60-120% of a standard; further, 2 of these false decisions 
would involve acceptance of preparations poorer than 90% 
of casein while 1 would involve rejection of a preparation 
better than 90%' of casein.- 

With temporary acceptance of the parameters established 
by this study for animals fed casein on restricted intake (mean 
gain = 62 gm, variance = 40 gm-), the situation with respect 
to the probability of false decisions is substantially improved. 
Under these circumstances the likelihood of false decision is 
reduced to 1 in about 16 assays (with respect to the same 
range of products), and of every 12 false decisions 5 will be 
false rejections and 7 false acceptances, the 90% criterion 
being retained. The calculations are summarized in figure 1. 

’Dr. WillLim J. Youden has been kind enough to review our calculations and 
coniirin these statements. His friendly interest is gratefully acknowledged. 
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no advantage under conditions wliere randomly grouped males 
from single shipments of not less than 50 animals from a 
reasonably homogeneous source of supply are used. 

The sole advantage which might be e.Kpected to accrue 
iVom the use of litter mates when dilfei'ing I'atiojis are under- 
going comparison is greater homogeneity of the variance in 
groups so selected. Examination of the data in table 3 makes 
the application of the appropriate statistical test (Snedecor, 
’40) superfluous. It is obvious that the variances for groups 
A, B, and C and for groups A', B' and C' are equal and equally 
homogeneous. 

On the other hand, the data in table 4 suggest that the 
variances associated with the growth responses in the 2 
groups of randomly selected males may not be homogeneous; 
application of Bartlett’s test gives a value for chi squared 
which just borders on conventional statistical significance. 

In experiments such as those reported here one might pos- 
tulate that if siblings of the same sex have greater similarity 
of growdh potential than randomly chosen animals, then the 
variance \nthin litters ought to be less than the variance 
between litters. Not only is this expectation not realized, but 
with the ad libitum fed animals the contraiy result definitely 
emerges. "Within the framework of these data the postulate 
is not supported and doubt is cast on the 23remise from which 
it arises. Of course these conclusions rest on data yielded by 
only 45 animals and definitive affirmation of the thesis must 
await experimentation on a larger scale. 

The pitfalls in experiments of this sort are well exemplified 
by the results obtained with groups D and E. Unless one had 
a priori reasons to expect no difference, such a result Avould 
pass unchallenged in a routine test and the ration fed the 
animals in group D Avould be adjudged inferior whether the 
data were merely compared in a rough fashion or subjected to 
scrupulous statistical analysis. 

There seems, however, to be little question that matexlal 
improvement in precision results from the moderate degree 
of food intake restriction imposed in part of this experiment. 
For the whole experiment, the effect of restriction was to 
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response (and variance) of precisely tlie same order of mag- 
nitude as groups from tlie same stock wkicli are paired witli 
respect to sex and litter. 

2. Preconditioning of tke experimental population by 
feeding for 1 week on a 10% casein ration otfers some im- 
provement but does not entirely eliminate fatalities or irreg- 
ular performance during subsequent weeks on test. 

3. Partial restriction of food intake (to not more than 
10 gm daily) reduces the mean growth response over 28 days 
on 10% casein rations by approximately 20% from tbe mean 
growth of ad libitum fed animals. 

4. Tbe variance for restricted fed animals is only about 
one-eigbtb to one-tentb that observed for ad libitum fed 
animals. 

5. Tbe reduction of variance offers approximately 3.5-fold 
improvement in tbe discriminatory capacity of an assay test 
set-up on a 90% criterion. 

6. Tbe physiological implications of tbe partial food re- 
striction technic remain to be elucidated. 
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Tlie benefits tlius accniinj^ for assay purposes are substantial 
and may outweigh the physiological objections that moderate 
dietary restriction inigiit justify. 

However, tliese are purely mathematical considerations, 
pessimistic to the e.xtent that they do not take into accomit 
the correlation which exists between (he gx’owth responses of 
standard and test material subjected to parallel replication. 



1 Pro'babi3it7 of aceeptauce and rejection of exporinientiil preparations 
referred to a 90% of standard criterion. A — acl lihiium fed animals (n = 10; 
assumed parameters — M = 80 gm, = 400 B — Animals fed ivitli 

moderate restriction (n = 10; assumed parameters — -H = G2 gm, cr* = 40 
Cross hatched areas represent regions of false decision. 

Before a final decision can be reached it will be necessary to 
explore more fully the physiological aspects of the restifictive 
technic. Experiments with this in view are in progress. 

SUMiUAIty 

1. Groups of 9 or 10 randomly chosen male albino weanling 
rats, selected from groups of 50 or more, give mean growth 
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According to the flour aud bread enrichment program, as 
developed by federal and state agencies, the required iron 
should he added to the flour only in forms which are harmless 
and assimilable (Fed. Reg., HI). Primary consideration has 
naturally been given to the selection of iron preparations 
which exert no deleterious action upon the flour or bread. 
This technical requirement ha^ somewhat obscured the basic 
nutritional motive for enrichment in that the degree of bio- 
logical availability of the added iron has not been thoroughly 
considered. As has been pointed out by the Council on Poods 
and Nuti'ition of the American Medical Association (’41), 
obviously there is no nutritional advantage in adding an iron 
compound if this iron is not satisfactorily available to the 
body. Tobey and Cathcavt (’41) pointed out that little in- 
formation had been reported on the assimilability of iron 
compounds that were already in use for enrichnient of flour. 

Several forms of iron have been of practical interest for 
enrichment. The initial report on ferric phjdate gave a some- 
what favorable impression (Andrews, Evans and Huber, ’41), 

* Prcsvuted in part before the American Institute of Nutrition, Chicago, May 21 
1047 (Blumberg, 11., and A. Arnold, '47, Red. Proc., 6: 402). 
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In view of the hirge extent to which enrichment of the 
nation’s bread is conducted at the bakery, it was considered 
desirable to obtain a better quantitative comparison of the 
relative biological availabilities of ferrous sulfate and ferric 
orthophosphate by testing each form of iron at sevei-al levels. 
The compounds were fed in the form of enriched breads com 
taming the different iron sources, so that the iron would be 
tested in the same form as used for human consumption. A 
secondary comparison with fei'ric chloride ivas also made 
because some investigators have used the latter compound 
rather than ferrous sulfate as a standard of high biological 
availability. 

ea:pebimexta.l ^iethod.s 
Diets 

The diet employed in these espei-iments was similar to thaf 
pi-eviously used (Blumberg and Arnold, ’47) ; the composition 
is given in table 1. Casein was included in the diet as a supple- 
ment to the inadequate protein of the bread, so as to provide 
sufficient protein for opthnal hemoglobm regeneration. Low- 
iron casein, containing approximately 15 )jg of iron j)er gm 
was prepared in the laboratory from skimmed milk. The 
low-iron salt mixture was prepared hy modifying U.S.P. XI 
Salt Mixture no. 2 in the following manner. The ferric citrati 
was omitted, of course. Since the bread supplied sodiim 
chloride, this also was omitted from the mixture and tb( 
amount of salt mixture used Avas reduced from the u.sual 
of the diet to 3%. Purthermore, potassium biphosphate wa; 
substituted for sodium phosphate. 

Four lots of bread were baked from the same lot of flou: 
Avith special enrichment mixes that supplied the usual amount 
of thiamine, riboflavin, and niacin, but varied with respect ti 
iron. One lot of bread Avas for the negative control and con 
tained no added iron. The other 3 lots Avere enriched to pro 
vide approximately the folloAving quantities of iron: (1) 13 
Mg/gm, as fori'ic orthophosphate; (2) 42 og/gm, as ferrou 
.sulfate; and (3) 21 ug/gm, as ferric chloride. The ferri 
orthophosphate AA-as from a batch actually used for comraercia 
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cni'iclimeut; the exsiccated ferrous sulfate was U.S.P. grade, 
and the ferric chloride was O.P. grade. 

The breads were air-dried at 37°C. to a moisture content of 
apijroximately 4% and were then ground for use in the diets. 
Iron analyses of the breads were made by a thiocyanate pro- 
cedure (Eckert and Auerbach, ’44). The iron content of the 
negative control bread was found to be about 12 ^jg/gw. The 
actual analyses indicated that the supplemented breads had 
slightly more than the intended additional iron contents, as 
follows: ferric orthophosphate 1.32 ag^gm, ferrous sidfate 

T.UJI.K 1 


Conipositio/i of diet. 


UASATi MIXTUKE 


SUrM.EMENTS PIU: 100 Gif BASAL MrXTTKE ^ 


Vo 


ntff 

Bread (dried) 

S2 

Thiamine hydrochloride . . 

1 

Casein (low-iron) 

. 12 

Piboflavin 

2 

Salt mixture (low -iron) 

3 

Pyridoxine hydrochloride 

1 

Corn oil . 

3 

Calcium pantothenate 

4 



Xiacinamide (nicotinamide) 

2 



Choliiio chloride 

100 



Inositol 

100 



Copper (as CUSO* • 511,0) 

3 



^^anganeso (ns HnSO* • 11,0) 

1.5 


^ Eacli rat received by btomach tube a weekly fat-solublo vitamiu supplement 
equivalent to 2000 U.S.P. units of vitamiu A, 400 U.S.P, units of calciferol (vita- 
min Ua), and 10 mj? of alpha- tocopherol. 


43 ug/gm, and ferric chloride 26 ug/gm. By suitable dilution 
with the negative control bread, the iron-enriched breads were 
made into the series of test bread mixtures shown in table 2. 
The 4 levels of ferric orthophosphate iron increased in geo- 
metric progression by multiples of 2.5, as follows: S.4, 21.0, 
52.5, and 131.2 Mg/gui of bread, or 6.9, 17.2, 43.1, and 107.6 
ag/gm of diet. The 4 levels of ferrous sulfate iron increased 
by multiples of 2, as follows : 5.25, 10.5, 21.0, and 42.0 pg/gm 
of bread, or 4.3, 8.6, 17.2, and 34.4 pg/gm of diet. The 2 levels 
of added ferric chloride iron were made the same as the inter- 
mediate levels of ferrous sulfate, i.e., 10.5 and 21.0 pg/gm of 
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bread or S.6 and 17.2 tig/gm of diet, in order to permit com- 
parison of these 2 highly available iron preparations. 

The iron contents of the various diets are given in tabic 2. 
The extraneous, non-bread iron in the diets was only about 
2 (Jg/gm. Diet 12 was prepared by addition of ferrous sulfate 
to the negative control diet 1 at a level of 244 pg of iron per 
gm of bread, or 200 ng/gm of diet. This provided a positive 
control to demonstrate the maximum rate of hemoglobin re- 
generation permitted by the basal diet in the presence of an 
amount of available iron kno\vn to be Avell within the optimal 
range. 

T-VBLE 2 


Iron contents of hreads and diets^ 


GROUP 



IfO. 

teox 

IKON' 

Compound added 

Iron added 

BATS 

QT 5BEAD 

or DIET 

1 

Xone (negative control) 


9 

nuigm 

12.0 

fig/gm 

11.9 

2 

Perric orthophosphate 

8.4 

S 

20.4 

18.S 

3 

Penrie orthophosphate 

21,0 

8 

33.0 

29.2 

4 

Perrie orthophosphate 

52.0 

9 

64.0 

.54.9 

5 

Perric orthophosphate 

131.2 

10 

143.0 

llS.n 

6 

Perrons sulfate 

5.25 

9 

17.2 

16.2 

7 

Perrons sulfate 

10.5 

9 

22.5 

20.5 

8 

Perrons sulfate 

21.0 

10 

33.0 

29.2 

9 

Perrons sulfate 

42.0 

9 

54.0 

45.0 

10 

Pcrric chloride 

10,5 

9 

22.5 

20.5 

11 

Perric clilorido 

21.0 

10 

33,0 

29.2 

12 

Perrons sulfate 
(positive control) 

244.0 

7 

256.0 

212.0 


Animal experimentation 

Albino rats of the Sherman strain were prepared for iron- 
deficiency studies by special feeding precautions generally 
similar to those described by Elvehjem and Kemmerer (’31). 
At about 25 days of age the weanling rats were removed to 
individual galvanized cages in which there was no exposed 
iron or rust. Anemia was induced by feeding certified cow’s 
milk supplemented with cupric sulfate and manganous sul- 
fate equivalent to l.S rag of copper and 1.4 mg of manganese 
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1101 * liter. After tlie rats liad been on tlie iroii-depletioii diet 
for 35 days, licmo^lobiu determinations were made on tail 
blood by the alkaline liematin method, as adapted for the 
Klett-Snmnierson colorimeter. Except for 12 somewhat re- 
sistant animals, the rats were found to 1)0 snfliciently anemic 
for test purposes, i.e., the henioi>'lobin values were 2.5-5 gm/ 
100 ml, with an average of al)0ut 3.0 gm/lOO ml. 

The animals were divided into groups of 10 rats each, ex- 
cept for the positive control group 12, which had only 7 rats. 
Weight and sex distributions were similar in the various 
groups. Occasional mortality during the experiment reduced 
the numbers slightly, so that the linal test groups contained 
8-10 rats each, as shown in table 2. The experimental diets 
were then fed for 4 weeks, hemoglobin determinations and 
weighings being made at the end of each week. Groups 1, 2, 
3, and 6, which were regenerating hemoglobin at slow rates, 
were continued on experiment for as long as 9 weeks for de- 
termination of the length of time required to reach a hemo- 
globin value of 10 gni/100 ml, i.e., close to the beginning of tbe 
normal range. 

RESULTS 

Ferrous sulfate anil ferric orthophosphate 

The general nature of the results of the comparison between 
ferrous sulfate and ferric orthophosphate is shown by the 
hemoglobin curves in figure 1. The rats fed the negative 
control diet and the 2 lower levels of ferric orthophosphate 
had not shown any increase in their hemoglobin concentration 
values by the end of the first week. However, since the values 
did increase during subsequent weeks, the readings at 1 week 
did not appear to offer a suitable basis for a valid comparison. 
On the other hand, some of the animals in the faster regen- 
erating groups had already reached the normal range of hemo- 
globin values by the end of the second week. Consequently, 
the interpolated value for 1.5 weeks appeared to bo the most 
sensitive i^oint for comparison. When some later point on the 
curve is used, the quantitative superiority of the more highly 
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available forms may not be so marked or indeed may no longer 
be evident. "Witli minor exceptioms, the general trend of the 
results at 1.5 weeks is confirmed by the curves for other points 
during the test. The marked quantitative superiority of fei> 
rous sulfate iron over ferric orthophosphate iron i.s readily 
apparent at the various levels of enrichment. 



I'ig. 1 Hemoglobin regeneration curves of anemic rats fed tbe indicated levels 

of ferrous sulfate iron ( ) or ferric orthophosphate iron ( ), as supplied 

by enriched bread. Xegative and positive control curves are also shown. All points 
were corrected to au initial hemoglobin value of 4.0 gm/100 ml of blood. 

rig. 2 Dosage response curves at 1.5 weeks and at 4 weeks of anemic rats fed 
ferrous sulfate iron or ferric orthophosphate iron, as supplied by enriched bread. 
The ferric chloride points are shown by the circled dots. 


The initial hemoglobin values, as listed in table 3, show 
that the various test groups were at approximately the same 
degree of anemia at the start of the experiment. The mean 
hemoglobin gains and iron intakes after 1.5 weeks and 4 weeks 
ai‘e also given in table 3. These data were used to arrive at a 
definite fignre for the comparative availability of ferrous 
sulfate and ferric orthophosphate in the following way. The 
total hemoglobin gains were corrected for the hemoglobin 
gam of tlie negative control (group 1), and the total iron in- 
akes were corrected for the iron intake due to the diet itself 
^^nthout added iron (11.9 ag/gm). This permitted calculation 
0 lemogiobiu gain per pg of added iron intake. The added 
lion intakes wore also corrected for the minor ditferences in 
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11 Ferric chloride 21.0 
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the average weight gains of tlie groups, altliougU such correc- 
tion did not modify the final conclusions. This permitted 
calculation of hemoglobin gain per pg of added iron intake per 
gm of weight gain. The resultant dosage ro.sponse valuo.s, 
illustrated graphically in figure 2, were then compared statis- 
tically by the method of Waddell and Kennedy (’dT). 

At 1.5 weeks ferric orthophosphate iron was 19.6 (dr 2.4)% 
(mean dr S.E.) as available as ferrous sulfate iron if the 
lowest ferric orthoj)hosphate value (group 2) is omitted from 
the calculation. This may be done on the grounds that the 
latter point appears to be below the sensitive portion of the 
dosage response curve. However, comparison of the 2 iron 
sources without omitting the group 2 value does not change 
the result markedly, though the standard error does not give 
so true a picture of the agreement of the data. Calculated to 
include all points at 1.5 weeks, ferric orthophosphate iron was 
21.2 (rt 6.8)% as available as ferrous sulfate iron. 

At 4 weeks ferric orthophosphate iron was 25.2 (dr 2.0)% 
as available as ferrous sidfate iron. As indicated previously, 
the latter time does not really give a valid comparison, but it 
has been included to demonstrate the marked differences in 
availability which exist even at this less sensitive point. 

The excellent agreement between the groups fed differing 
amounts of the same added iron source is demonstrated in 
figure 2. Aside from the 1.5-week value for group 2, as noted 
above, the points fall veiy nearly on straight lines. 

The statistical significance of the differences between the 
individual groups was determined by calculation of the stand- 
ard error of the difference between the mean hemoglobin gams 
both at 1.5 weeks and at 4 weeks, comparisons being made for 
all groups. A relatively high criterion of sig-nificance was 
adopted by basing conclusions only on P values of 0.01 or less 
(l.e., probability of the difference being fortuitous equals 1 in 
100, or less). The results of this analysis showed that the 
previously mentioned differences in mean hemoglobin gains 
between the ferric orthophosphate and ferrous sulfate groups 
were highly significant. For instance, at 1.5 weeks group 7 
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(FoSOj iron 10.5 (jg/j'-ni) ■was .signliicaiitly superior (P = 
0.005) to group 3 (FePO, iron 21 ug/giu), and was not signifi- 
cantly different (P = 0.3) from group 4 (FePOi iron 52.5 
Hg/gm). Likewise, group 9 (FeSOi iron 42 pg/gm) was greatly 
superior (P= < 0.001) to group 4 (FePOi iron 52.5 ijg/gm), 
although not significantly superior (P = 0.09) to group 5 
(FePOt iron 131.2 gg/gm). The results of (he analysis at 4 
weeks wore almost as significant. 

TABLE -l 

Hatvs of hcmo(jU)hin rcifvncrationj haaed upon daps required to reach hemopTohin 
value of 10 pill per 100 ml. 



lUlKAD 


n ns 

KATE OK IIKMOr.I.ODIN 
Ur.r.KXKKATION 


Ciiinpouiul milled 

Iron added 

AS I'KKCKNTAOE 

OK OI'TIMUiC 

1 

None (negative control) 

Hi/Zam 

G5.0 

0 

o 

Ferric orthopliospliate 

S.4 

47.4 

3 

3 

Ferric orthophosphate 

21.0 

07.8 

0 

4 

Ferric orthophosphate 

52.5 

20.5 

IS 

0 

Ferric orthophosphate 

i;n .2 

10.7 

42 

G 

Ferrous sulfate 

5.25 

28.7 

11 

7 

Ferrous sulfate 

10.5 

18.9 

21 

8 

Ferrous sulfate 

21.0 

12.4 

:u> 

9 

Ferrous sulfate 

42.0 

9.S 

47 

10 

Ferric chloride 

10.5 

20.1 

19 

11 

Ferric chloride 

21.0 

13.3 

33 

12 

Ferrous sulfate 
(positive control) 

244.0 

5,4 

100 


The results wore also calculated in tonus of the number 
of days required to reach an average hemoglobin value of 10 
gm/100 ml, which is close to the normal range (see table 4). 
The various groups were then rated for percentage of optimal 
hemoglobin regeneration by comparison with the positive con- 
trol, group 12, which contained a known excess of ferrous 
sulfate. A correction was made for the hemoglobin regenera- 
tion contributed by the iron present in the diet without ii'on 
enrichment (group 1, negative control bread). By this method 
of calculation, also, it was demonstrated that the ferrous sul- 
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fate ii'ou was appvoxiiuately 4 to 6 times as effective as terric 
ortliopliospbate iron. Statistical treatment of these data by 
the previously mentioned procedure (Waddell and Kennedy, 
’47) showed ferric orthophosphate iron to be 17.2 b.2)9^ 

as available as ferrous sidfate iron. This is in general agree- 
ment with the comparison based on hemoglobin regeneration 
at 1.5 weeks. 

As shown in table 3, all of the groups of rats grew well. 
The weight gains of the various groups differed little and thus 
were in marked contrast to the wide variations in hemoglobin 
regeneration. Likewise, the differences in food consumption 
were small, corresponding generally to the small dift’erences 
in weight gains, and could not account for the large differences 
in hemoglobin regeneration. In addition, several ferrous sul- 
fate rats were pair-fed with ferric orthophosphate rats to 
maintain the same iiidh'idual food consmnption. The ferrous 
sulfate animals again proved much superior in hemoglobin 
regeneration. A comparison of iron intakes and hemoglobin 
gains ( see table 3) emphasizes the superiority of the biological 
availability of ferrous sulfate iron over that of ferric ortho- 
phosphate iron. 

Ferrous sulfate and ferric chloride 
The comparison of ferrous sulfate and ferric chloride at 2 
levels showed these forms of iron to be equally effective for 
regeneration of hemoglobin. The curves for the 2 compounds 
are practically superimposable, as may be seen in figure 3. 
Further evidence of similarity is presented by the hemoglobin 
gains in table 3 and the hemoglobin regeneration rates in table 
4. Calculations were made for the standard error of the dif- 
ference between the mean hemoglobin gains. The analysis at 
1.5 weeks showed that there was no significant difference 
(P = 0.56) between group 7 (FeSO^ iron 10,5 gg/gm) and 
group 10 (FeClj iron 10.5 og/gm). Similarly, there was no 
significant difference (P = 0.32) between group S (FeSOi iron 
-1 Pg/gm) and group 11 (FeCl, iron 21 pg/gm). The analysis 
at 4 weeks likewise demonstrated that there was no significant 
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dift'ereuee between the fevrons sulfate and ferric cbloride 
values. The highly available ferric chloride iron, like that of 
ferrous sulfate, was 4 to 5 times as eflfective as ferric ortho- 
phosphate iron (see fig. 2), This study indicated that results 
based on ferric chloride standards should be directly com- 
IDarable with those based on ferrous sulfate standards. 



Fig. 3 Hemoglobin regeneration curves of anemic rats foil similar levels of 

ferrous sulfate iron ( ) and ferric chloride iron ( ), as supplied by 

enriched bread. All points were corrected to an initial hemoglobin value of 4.0 
gm/100 ml of blood. 


DISCUSSION 

Several experiments have now been reported on the utiliza- 
tion of ferric orthophosphate iron in rats. Although Day and 
Stein (’38) did not attempt a truly quantitative comparison, 
their results in a single-level study indicated that ferric 
chloride iron was approximately 4 times as available as ferric 
orthophosphate iron. In their single experiment. Freeman 
and Bur rill ( ’45) found ferric orthophosphate iron to be prac- 
tically as effective as ferric chloride iron. Inasmuch as Free- 
man and Burrill report only the final hemoglobin values at the 
end of 28 days, a time at which the groups were already well 
within the normal hemoglobin range, it is possible that dififer- 
ences occurring at 1 to 2 weeks were no longer apparent. In 2 
previous single-level experiments, Blumberg and Arnold ( ’47) 
found ferrous sulfate iron to be more than twice as available 
as ferric orthophosphate iron. The present investigation at 
multiple levels appears to leave little doubt that, under the 
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couclitions of tliese expoi’iuieiits, ferrous suliote iron or ferric 
cMoride ii’on is approximately 4 to 5 times as available for 
bemoglobm regeaeratioa as is ferric ortbopbospbate iron. It 
may be noted that McCauee et al. ( ’43} observed in human 
subjects that the addition of disodium phosphate to bread de- 
creased the absorption of iron. Caution must be exercised 
against confusing fei’ric ortbopbospbate itself witb prepara- 
tions in wbicb tbe ferric ortbopbospbate bas been solubilized 
udtb sodium citrate, e.g., Soluble Ferric Phosphate, N. P. nil 
(National Formulary, ’46). 

Tbe magnitude of tbe enrichment program justifies a thor- 
ough appraisal of tbe asshnilability of tbe iron sources in use or 
proposed for use. Although tbe results of rat experiments are 
not applicable to man -vrith certainty, these investigations vrith 
enriched bread strongly suggest tbe advisability of seeking 
better sources of iron than ferric orthophosphate for bread 
enrichment. Tbe clinical findings of Moore and eovrorkers 
(’39) suggest that in man also ferric ortbopbospbate is poorly 
utilized as compared with ferrous sulfate. Certainly further 
studies upon the efficacy of ferric orthophosphate in both ani- 
mals and man shonld be conducted if its use is to be continued. 
From a nutritional standpoint it would appear safer to use an 
iron source already known to he highly efficacious in man, such 
as ferrous sulfate, reduced iron, or other preparations of com- 
parable availability. In order that the consumer may secure 
the full benefit of the enrichment program, it is desirable that 
highly assimilable forms of iron be used in bread and flour 
enrichment. 


StrUUAET 

The biological availabilities of tbe iron in fexTous sulfate 
and ferric ortbopbospbate have been compared on tbe basis 
of hemoglobin regeneration in rats made anemic from iron 
deficiency. A secoudaxy coxxiparison xras made with ferine 
chloride. The iron compounds were fed in the foxTU of en- 
riched breads, and multiple levels of iron enrichment were 
used to permit comparison of dosage response euiwes. 
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TJiulor tbc conditions of these experimonls, ferrous sulfate 
iron was -itoo times as available as ferric ortiioplio.sphato iron 
when both compounds were tested at -i widely spaced levels. 

When compared at 2 levels, ferric chloride iron was equal 
in biological availability to the highly effective ferrous sulfate 
iron, or 4 to 5 times as available as ferric orthophosphate iron. 
Attention is called again to the desirability of using highly 
assimilable forms of iron in Hour and bread ejiriehmoiit, so 
that the cousiuncr may secure the full benelit of the euricluneut 
X)rogram. 
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MODIFICATION OF THE ACTION OF CAFFEINE 
ON THE SPONTANEOUS ACTIVITY OP THE 
WHITE RAT BY THE CONCOMITANT 
ADMINISTRATION OF VARIOUS 
FOOD :materials 
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Ddpdrtniejit of Physiologj/^ Ejiiorg UnivcfsHgj ’ETtiovy Ujiiversityj Georgia 


SEVEN FIGURES 


(Received for publication June 23, 1947) 


Various investigators have found that caffeine above a 
certain threshold level has a stimulating action on the central 
nei’vous system (Hollingworth, ’12; Cheney, ’35; Horst and 
Jenkins, ’35). 

The present experiments are offered to show that this 
action of caffeine as manifested by an increase in the spon- 
taneous activity of the albino rat, can be modified to an 
appreciable extent by eei’tain food materials administered 
either simultaneously with the administration of caffeine or 
a short time afterward. 


PROCEDURE 

The method used for measuring spontaneous activity was 
that described by Schulte and his associates ( ’41) . The ap- 
paratus consisted of a small wire cage measuring 6 " x 6" X 
G" which was suspended from a spiral spring in such a manner 

‘Preliminary report. Fed. Proc., 6: 119, 1947. 

' The expense of this investigation was defrayed in large part by a grant-in aid 
from the Sugar Research Fomidation. 

’Present address: Parhe-Bavis Co., Detroit, Michigan^ 
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that all tliL* movements of the animals, even the slightest ones, 
wove suminated by a work adder attached to the spring. A 
small pin inserted in the rim of the work adder dipped into 
a mercury cup upon each complete revolution thereby com- 
pleting an electric circuit and activating a signal magnet 
writing on a slowly moving kymograph pai)er. Activity was 
measured and recorded in terms of the total number of revo- 
lutions of the work adder throughout the experiment. Twelve 
units which were set up in a small well-lighted room devoted 
exclusively at the time to the experiment were used simul- 
taneously. All the experiments were run in the morning be- 
cause at this time of day in a well-lighted room the activih' 
of a white rat is at a minimum. 

Seven sets of observations were made under different ex- 
perimental conditions. Caffeine alkaloid in various amounts 
was administered in aqueous solution by stomach tube or 
intraperitoneally. In some exiDeriments sugar dissolved in 
water was given bj' stomach tube simultaneously with or 
shortl}^ after the administration of caffeine. In others 
peptone, vegetable oil, and the inert material agar were given 
instead of sugar. Further details of the pi’oeedure will be 
described under the following' separate captions. 

RESULTS 

Experiment 1: Slioiving that caffeine causes an 
increase in spontaneous activity for several liour^ 
after administration ivhereas no permanent 
effect is produced by the daily consumption 
of a large amoicnt of caffeine 

Twenty-two animals were selected 1 week after weaning 
and given 75 mg caffeine/kilo dailj* in aqueous solution by 
stomach tnbe for 100 days. An equal number of litter mates 
were chosen for controls and by the same procedure given 
water daily instead of the caffeine solution. At the end of 
this period 24 hours were allowed to elapse without the 
administration of caffeine whereupon the animals were placed 
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iiv tke activity cages for the first time, Tiiey were kept in the 
cages iw 1 hour for the purpose of obtaining their basal 
activity, then removed and given caffeine ox vfatex by stomach, 
tube and replaced iir the cages. This procedure was repeated 
on successive days (except on Sundays) until 220 daily ob- 
servations had been made on the test animals and the s'ame 
number on the controls. 



'' ~ — ej^perifnefitat^ 
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figure 1 Pjgure 2 

Fig. 1 TUq e^eet of 75 mg caffeine/kg on spontaneous activity. For the sake 
of continuity the activity of the animals imder test and control conditions is 
represented by hatched and crossdiatched lineSj respectively, although caffeine was 
not given to the test animals nor water to the controls until the end of the 
basal period. 

Fig, 2 Comparison of spontaneous actmty after caffeine in water and caffeine 
in a sucrose solution. 


Seventy-five mg caffeine per kg body weight had a definite 
.stimulating effect on spontaneous activity which was most 
marked during the first half hour. This effect was still mani- 
fest at the conclusion of the experiment 4 hours after the 
administration of caffeine. The results of the experiment are 
presented in figure 1. The activity of the test animals wa.s 
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greater than that of the controls in 206 out of 220 individual 
experiments ; in 5 experiments there was difference w’hereas 
in 9, the controls were slightly more active than the test 
animals. 

Long continued daily administration of this amount of 
caffeine had no permanent effect as shown by the fact that 
the basal activity of the animals that had been given caffeine 
for 100 days was the same as that of the controls. In this 
connection it is of intei'est to note that in human subjects 
Cheney (’35) found no signiiicaut effect on reaction time 24 
hours after the consumption of caffeine. 

Bcoperimcnt 2: Showing that sucrose administered 
siiMtlfaneonsly with caffeine reduces the increase 
in spontaneous activity caused hy the stimur- 
lating action of caffeine 

These experiments were undertaken wit)j the purpose in 
mhid of following up a lead obtained in other observations 
(not published) which suggested that the action of caffeine 
might he affected hr the simultaneous ingestion of sugar. 

Tn this and the folloiving experiments each animal served 
as its oiun control. The animals were divided info 5 groups. 
On the first dag of the experiment 1 group was studied nuder 
experimental and the other under control conditions. On 
alternate days thereafter this order was reversed. 

Twelve adult rats were selected at random from our colony. 
Under control conditions the animals were given 30 mg eaf- 
feine/kg in aqueous solution by stomach tube and under test 
conditions the same amount of caffeine in a 50% sucrose solu- 
tion (1.5 gm sucrose/lOO g-m body weight). It had been 
found previously in another set of experiments that 20 mg 
caffeine/kg had a definite stimulating action. These results 
are not presented separately as they are in agreement with 
those obtained Avith this amount of caffeine in the experiments 
shown iu figure 2. Each point on the nomogram is plotted 
from an average of 60 experiments. 
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A comparison of the activity when caffeine alone was ^ven 
with that which occurred after the simultaneous administra- 
tion of caffeine and sucrose (fig. 2) shows that the sugar 
neutralized to a large extent the action of caffeine. 

Tn other experiments, the results of which need not he 
given in detail, spontaneous activity after the administration 
of a sucrose solution alone was found to he practically the 
same as when plain water was given. 

Experiment 3: Shotving that the increase in activity 
caused hy caffeine can be reduced by administer- 
ing sucrose 30 minutes after giving caffeine 

When it had been definitely shown in the preceding experi- 
ments that the ingestion of sucrose had a modifying effect 
on the action of caffeine, speculation arose as to the mecha- 
nism involved. To determine whether the effect of the simul- 
taneous administration of sugar might he due to an 
interference with the absorption of caffeine the following 
experiments were xmdertaken. 

The animals used in this experiment were the same as in 
experiment 2. The procedure and the amount of caffeine and 
sucrose administered were also the same with the exception 
that all the animals were given caffeine immediately after the 
basal period. Thirty minutes later those under test conditions 
were given the sucrose solution by stomach tube and those 
under control conditions were given the same amount of 
water. There were 48 observations under each set of con- 
ditions. 

The area of cross-hatched lines in figure 3 for the first half 
houi* after the basal period represents the activity of the 
animals on the days when they were given sucrose after this 
first half hour period; the hatched lines, the activity on the 
days when they were given water (control experiments). 
Within 30 minutes the caffeine had been absorbed and was 
exerting its ma.vimum effect, as indicated by the activity of 
the animals at this time. Administration of sucrose was'fol- 
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lowed in the next halt* hour period by a deiinitely greater 
decrease in activity than wlieu water alone wa^ given. 


Experiment 4: Showing that caffeine injected intra- 
peritoncally increases spontaneous activity which 
in turn is reduced by the oral administration 
of sucrose 

This experiment is offered as conffrmatoiy evidence that 
the effect of sucrose on the action of caffeine is not due to 
an interference with absorption. The observations were made 
on the same animals as in the preceding experiment. 
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I^igure 3 Figure 4 

Fig. 3 Keduction in the increased activity pi educed by caffeine %\lieii sucrose 
was administered 30 minutes after caffeine. 

Fig. 4 The action of the oral administiation of sugar on the incicase in 
spontaneous activitj caused by the intraperitonea I injection of caffeine. 


An aqueous solution containing 20 mg caffeine/kg was in- 
jeetod intraperitoneally into all the animals at the conclusioji 
of the basal period. Immediately after the injection 1 group 
was given sucrose by stomach tube and the other water only. 
On alternate days this procedure was reversed. 

The average values of the data obtained are plotted in 
figure 4. Each average was derived from 36 experiments. 
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During the first half hour after intraperifoneal injection of 
caffeine the activity was practically the same as in the pre- 
ceding experiments in which ’ caffeine was administered by 
stomacli tube. In the second half hour there was a further in- 
crease in activity which continued at this high level during 
the follo’wing half hour period. From this time on there was 
a gradual return toward the basal level. 

The oval administration of sugar neutralized to a large ex- 
tent the stimulating action of caffeine that had been injected 
intraperitoneally. 

Expevimeiif a: Showing that the increase in spontaneous 
activity induced hy caffeine is reduced hy the 
simidtaneous administration of peptone 

Further speculation on the mechanism whereby sucrose 
modifies the action of caffeine suggested the advisability of 
determining whether this effect was specific with respect to 
sucrose or common to other food materials of an entirely 
different nature. This experiment and experiment 6 were 
designed for this purpose. 

Twelve animals that had not been used in the previous ex- 
periments were selected from the colony. The procedure was 
the same as in experiment 2 except that an aqueous solution 
containing 10 gm peptone/kg body weight was given instead 
of the sucrose solution. 

The results presented in figure 5 show that peptone had an 
effect similar to that of sucrose in reducing the increase in 
activity caused by caffeine. 

Experiment 6 : Showing that administration of vegetable 
oil simultaneously tcith caffeine reduces the increased 
activity resulting from caffeine 

Results similar to those in experiment 5 were obtained in 
the^present experiment in which 20 mg caffeine dissolved in 
3.75 ml vegetable oil was administered by stomach tube to 
12 animals. The comparative eff'ects of caffeine in water and 
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caffeine in oil are presented in figure 6. Each value from which 
the nomogram was constructed is an average of 60 experi- 
ments. 

From this experiment and the preceding one it is apparent 
that the modifying effect on the action of caffeine which was 
observed originally in our studios with sucrose is not specific 
for sucrose but is sliared by the other major foodstuffs, 
namely, protein and fat. 
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Figure 6 


Fig. o Reduction in the stimulating action of caffeine by the simultaneous 
administration of peptone. 

Fig. 6 The effect of the simultaneous administration of vegetable oil on the 
stimulating action of caffeine. 


Experiment 7 : Showing that the increase in spontaneous 
activity caused by caffeine is not affected by the 
simultaneous administration of inert material 

There remained to be considered the possibility that the 
mere presence of materials other than caffeine in the gastro- 
intestinal tract, regardless of their nature, might have an 
effect similar to that produced by the foodstuffs. This experi- 
ment, the results of which are presented in figure 7, shows that 
this is not the case. There was no significant difference in 
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the activity of the animals wheii given 20 mg catfeine/kg in 
aqueous solution by stomach tube and "when given the same 
amount of caifeine dissolved in 10% agar. Bach value plotted 
is an average of 30 observations. 



Fig. 7 Spontaneous activity 
water and caffeine in agar. 


following tlie administration of caffeine in 


MSCUSSIOX 

The original suggestion for the pursuit of this investiga- 
tion arose in the course of another study still in progress 
which seemed to indicate that certain physiological actions of 
caffeine might he modified by the simultaneons ingestion of 
sucrose. The present study is concerned with a different 
underlying physiological mechanism. 

Wliile these experiments were under way it came to our 
attention that it had been reported by Chaucard ( ’45) and 
in another paper by the same author and his associates 
(Chaucard, Mazoue and Lecoq, ’45) that the chronaxie of 
nerve fibers is affected by caffeine and that this effect is 
specifically neutralized by the oral administration of the 
sugars; lactose, sucrose, galactose and glucose. 

Wlien it had been proved to our satisfaction that the action 
of caffeine on the central neiwons system can he modified by 
the administration of sucrose, our interest was aroused in 
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the meehaiiisins involved. The only contribution wc can oiler 
at the present time ^vith regard to the que.stion is of a negative 
nature as stated in the sunnnary. 

SUM.MAIIY 

1. The modification of the action of caffeine by sucrose is 
not specific to this food material but is shared by foods of 
an entirely different nature, namely, protein and fat. 

2. It is not duo to an interference witli absorption for, as 
shown in experiments 3 and 4, the effect was observed when 
caffeine was injected intraperitoneally and also when sugar 
was given after caffeine had been absorbed and had produced 
its characteristic action. 

3. It cannot be accounted for by the mere presence of other 
material regardless of its nature in the gastro-intestinal tract, 
for agar admijiistered simultaneous!}' with caff’eino had no 
neutralizing action. 

In respect to the letlial dose of caffeine our results differ 
from tliose of Schulte and his associates (’39). A dose of 
40 mg eaffeine/kg proved fatal in 1 of their 10 animals. Since 
10 mg/kg sufficed te increase spontaneous activity it was con- 
cluded that the margin of safety between the barely effective 
and the convulsive or fatal dose was 4 times. In the experi- 
ments reported in this paper and in numerous other experi- 
ments we have administered 75 mg caffeine/kg over 9000 times 
to 145 different rats without a single fatality. 
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TAVO FIGURES 


(deceived for publication June 16, 1947) 


In a previous experiment, it was found that most young 
growing rats had little appetite for sucrose, when their choice 
of food was casein, fat, salt mixture, and sugar (Scott, ’46). 
The present report gives the results of experiments in which 
other carbohydrates (starch, dextriu and lactose) were offered 
as choices instead of or in addition to sucrose. 

EXPEEIIIBXTAL 

In each of the first 3 experiments, 10 male and 10 female 
weanling rats were placed in individual cages and allowed 
to eat a mixed diet ^ offered in aU of 4 cups. The experiments 
differed in that the sources of carbohydrate in the diets were 
different. Eaw com starch was the carbohydrate in the first 
experiment, lactose in the second, and dextrin in the third. 
Vitamins were given separately as pills.^ During a 3-week 

' Coutributiou no. 640 of the Department of Chemistry, University of Pitts- 
burgh. Aided by grants of the Nutrition Poundation, Inc., and the Bulil 
Foundation, 

’The mixed diet consisted of 62% carbohydrate, 10% hydrogenated fat 
(Priniex), 4% salt mixture (Jones and Foster, ’42), and 24% casein (Labco 
vitamin*free”). 

'One pill was given each rat daily. It contained: 60 Mg thiamine hydrochloride, 
120 Mg riboflavin, 90 Mg pyridoxine hydrochloride, loO Mg calcium pantothenate, 
10 mg choline chloride, 1 mg a-tocopherol, and .15 I.U. vitamin A, and 11 I.U, rita- 
inin D as 0.001 ml Natola; all in a dextrin-powdered sugar base. 
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control period, the iunouiit eaten i'rom eaeli cup was recorded, 
daily and tlie cups were then interchanged in a predoterniiiicd 
random manner. During- a o-week experimental period, the 
choice.s given the animals were t‘at, protein, salt mixture, and 
the same carbohydrate as in the control period, each in a 
separate cu^j. The amount eaten was recorded and the cups 
interchaug-ed dailj' as before. 

In the fourth experiment, 2U male and 20 female weaiding 
rats were divided into 4 groups so that each animal had 1 
littermate of the same sex in each of the other 3 group.s. The 
members of each group -were fed 1 of the following mixed diets 
in all of 4 cups during the control period: (1) 62% sucrose 
diet, (2) 62% starch diet, (3) 62% lactose diet, (4) 62% dex- 
trin diet. In the experimental period all animals were given 
their choice in 4 separate cups of these 4 mixed diets. 

In the final experiment, each of 20 rats was placed in a 
cage Avith 6 cuiJs, all of which contained a diet consisting of 
24% casein, 10% fat, 4% salt mixiure, and 15.o% each of 
sucrose, starch, lactose and dextrin. During tlie experimental 
period 7 choices were allowed the animals. These consisted 
of casein, fat, salts, sucrose, starch, lactose and dextrin, each 
in a separate cup. 


RESULTS 

The growth and food consumption of the animals during the 
control 23eriod are shoAvn in tables 1 and 2. All of the animals 
fed lactose diets developed severe diarrhea and grew very 
slowly. The other diets were approximately but not coni- 
jjletely equivalent nutritionallj- as shoAvii in table 2. The 
decreasing growtli rates Avith these carbohydrates AA'ere: 
starch > dextrin > sucrose, Avith the difference betAveen stai’ch 
and sucrose definitely significant. 

The results of the first 3 experiments and the 7-choice ex- 
periment are shoAAm graphically in figure 1, Avhile the carbo- 
hydrate choices in the latter experiment are shoAAm in fig-nre 2. 
The results of the experiment AA'-hei’e mixed diets Avere otfered 
are shoAvn in table 3. 
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T.VBLE 1 


Growth and food cojisumpiioii in the control ptriod*^ 




MtUES 

FLilAEFS 


SOURCE 

Wt gain Food cat^n 

Wt „'iin Food eaten 



X7«» Qtn 

gux gm 

1 

Starch 

104.5 i: 5.0 210.7 10.4 

82.7 ± 1.3 178.0 3: 6.2 

2 

Lactose 

30.0 ± 3.3 116.8 It 5.0 

33.4 ± 4.2 110.1 ± 7.8 

3 

Dextrin 

76.5 ±: 4.1 190,4 i: 5.8 

66.2 ± 3.7 176.1 i; 8.1 

5 

Mixture 

70.7 It 3.3 176.1 ± 4.6 

62.3 2i 2.3 181.6 ± 4.9 

^All data iu terms of 

mean and standard error of the mean. 



TABLE 2 



Growth and food con^umiitwu during the 

control period. 



(Experiment 4) 



C \EBO hydrate 

SOURCE 

WT GVIV 

TOOD E VTBN’ 



fftn 

gtfx 


Sucrose 

62.5 dz 3.6 

133.0 3: 7.7 


Starch 

73.9 ± 3.6 

161.S Z!Z 8.8 


Lactose 

31.2 ± 4.1 

103,4 ± 6.0 


Dextrin 

68.7 d: 3.6 

155.6 n: 5.2 



TVBLE 3 




Preference for mixed diets. 



cvkbo 

IlYDRATi: 

SOVTICR 

IV 

CONTROI^ 

PERIOD 


'VVT GU2» 


TOTAI, TOOD 


APPETITE rOB DIET CON T I> G ^ 

Sucrose Starch Lactose Dextrin 


Sucrose 78.7±7.4 24S.0rtl7.2 — 19.5±5.7 18.6± 7.2 — 19.2±:3.4 21.2itl0.0 

Starch 70.5:+:6.6 246.6:1:16.3 7 9i6.4 — 12.6i 7.0 — '23.0:1:2.1 27.0:r 7.0 

Lactose S 1 . 9 ± 3.6 225.6^:10.6 — 5.9rt:7.3 — 1.0:1:10.2 — 16.9:r3.2 23.Snr 9.7 
Dextrin 67.9:1:5.8 225.3±19.7 10.1±7.0 2.3±: 9.0 —2.5.8:±5.1 7.2— 6.6 

Average 74.8d:3.0 244.1± 6.5 0.4:li3.9 1.8± 4.4 — 2l.2:rl.8 19.8:1: 4.2 


' Change in percentage eaten (experimental minus control) from corresponding 
cups during control and experimental periods. 
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Fig. 1 Weight chaxigo aud selections of animals when various carbohydrates 
were offered. The carbohydrate offered was in each case; Top histogram — starch; 
second histogram — lactose; third histogram — dextrin; lower histogram — 
sucrose, starch, lactose and dextrin offered simultaneously. 



Fig. 2 Selection of carbohydrates when offered simultaneously. 
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Ul^^CA!hh^OS 

III all of llio prcMoil (.'XpcrhnentH lucto.-.t; wa.-i tlioroui,'hly 
(lislikwi. There was no obvious reason for Ibis, but it is not 
inconceivable tliat the })iiyhio!ot(icul response to tliis carbo- 
Ijytlrate resultini' in diarrhea may have caused unplea'aiit 
subjective .symptoms in the animal. The other carboliydrates 
were accepted to a greati'r or less dcj'iee by .some animal.s. 
The order of preference varied with the type of e.xperimcnt, 

TAiir.v: i 

A'i^Vrf of corholr/tlratc chuic^ on irtttnn choir r. 


fVUr.OU^MUTK 



cuoicn 

(ifinjoA* * 

r;rou;» U 


Hucto^v 



1,000 

Hlarvli 


ir> 

0.11 It 

Lactose 

t 


0.777 

Dextrin 

•> 

ir, 

0.21 \ 

\\[ four 

7 

13 

0.777 

' Group A ato little or 

no protein and Io-»t 

weight; 

Group fi -Holcctcd protnn .and 


gained wciglit during the cxperirnontnl period. 

* Probability that an arrutigernrnt into grotjp'f improbablo a.-i that fthrmn 
coidd Occur through random sampling. TIic theoretical probability of a rat eating 
protein uas taken as that found in the suerose experiment. 


and the following orders of acceptahility were ob.served: 
I carbohydrate as a choice (fir.st 5 e.xperiinents), starcb> 
dextrin > sucro.se ; 4 carbohydrates a.s clioiees (fifth e.xperi- 
ment), starch >. snero.se > dextrin ; mixed diets as choices, 
doxtrin> starch = .sucrose. 

The variation in intake of carbohydrate was accompanied 
by correlated inverse variation in fat. This is shown par- 
ticularly well in the caloric den.sity hi.sfograrn.s, where it is 
seen that in those experiments where large amounts of carbo- 
hydrate wore selected, the caloric den.sity of the selections 
was low. Variation in carbohydrate intake bad no observable 
effect on the number of animals which accepted protein as a 
choice, as shown in table 4, However, the complete avoidance 
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Fjg, 1 'Weight cliaiigo and selections of animals T\hen various carl^olndratcb 
^^elo offered. The caibohjdrate oifeied was in each case: Top histogiam — starch; 
second histogram — lactose ; third histogiam — dextrin ; lower lustogi am — 
suciohc, starch, lactose and dextrin offered simultaneoush. 
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SUMMAUY 

Of 4 earboliydratos tested in an exjieriinent wliere rats 
were allowed to choose the coniiionents of a diet, lactose was 
avoided, but sucrose, starch, and dextrin were accopteil to 
various degrees. The appetites for various carliohydrutes 
were concluded to be largely independent of appetite for 
casein, inversely proportional to the intake of fat, independent 
(except that for lactose) of nutritional sigiiiticance, dependent 
on the method of offering the choice, and independent of each 
other. Eats appeared to relish a change in the carbohydrate 
portion of their ration. 

LITER.VTURE CITED 

Joxxs, J. n., AND C. FosTHi 19 i2 A salt nuAture for Uic with basal 
cither Jiigh or low in phosphorus, J. Xutritioii, 2-15. 

Scott, E. iX. 194G Self selection of diet. I. Selection of purified component.’^. 
J. Nutrition, 31 : 354. 
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of lactose did i'esult in some eases in high intakes of casern. 
This is apparent from the protein histogram, where it is seen 
that several animals ate large amounts of casein, in spite of 
the fact that, being smallcu- animals, their caloric intake was 
rather low. 

For the most part, then, protein intake was independent of 
carbohydrate intake, but fat intake was intimately related to 
it. The 3 carbohydrates other than lactose were appi'oxh 
inately equivalent nutritionally, and yet were accepted to 
different extents, and acceptance was dependent in part on 
how the choices were offered. It is improbable, therefore, that 
selection in these 3 eases was based on any nutritional qual- 
ities of the choices, and probable that the appetites shown for 
these substances were trivial in origin. 

Furthermore, it appeared incorrect to speak of an “appe- 
tite for carbohydrate” since the appetites studied were essen- 
tially independent. The probability based on observation that 
an animal would not eat at least 20 gm of a given carbohydrate 
was as follows: sucrose 0.50; starch 0.20; lactose 1.00; dextrin 
0.30. Assuming that the appetites were independent, the prob- 
ability that an animal would not eat at least 20 gm of all 4 
would be expected to be the product of the observed probabil- 
ities, or 0.03. Actually, only 1 out of 20 rats ate less than 
20 gm of carbohydrate in the 7-choice esperunent. The ob- 
served fraction was then 0.05, in close agi’eement with the 
expected pi'ohability. 

The effect of previous diet on choice can scarcely be decided 
a priori, since one could as well expect animals to continue to 
eat the diet to which they are accustomed as to expect them 
to desire variety. It has been our qualitative impression from 
several experiments that rats relish a change of diet, although 
the effect only lasts for a day or two. This impression 
appeai'ed to he substantiated by the data in table 3, where, in 
all cases but lactose, that gToup which liked a certain choice 
least was the group previously fed that choice. 
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SUMMAUV 

Of 4 carbohyclralOE lesteil iu an exi)eriinent wliery rat.s 
were allowed to choose the components of a diet, lactose wa-s 
avoided, but sucrose, starch, and dextrin were aceeptetl to 
various degrees. The appetites for various carbohydrates 
were concluded to be largely independent of appetite for 
casein, inversely proportional to the intake of fat, independent 
(except that for lactose) of nutritional signiticauce, dependent 
on the method of otTering the choice, and independent of each 
other. Rats appeared to relish a change in the carbohydrate 
portion of their ration. 

LITEK.VTURE CITED 

JoKxs, J. n., AND C. FosTKii 1912 A salt mixture for use with basal diets 
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Food Hesciirch Lobortilorics, Inc., Ijniff I.iUiiiil Cil./, Xi ic Yorl: 


(Iftvfhed for piibrn-’jitioa June ."i, 1917) 

III many homes fruit juices loiv in ascorbic acid are used 
iutercliangeably ivitli those of Iiigher ascorbic acid content. 
Some nutritionists liave recommended that the fonner prod- 
ucts be fortified with tlie vitamin to make them nutritionally 
more comparable with the liigher potency juices. During and 
since the war, fortification of apple juice inth ascorbic 
acid (35 mg per 100 ml) has been sponsored by the Canadian 
government (McFarlane and Davis, ’41). In 1943-1945 the 
U. S. Army iwoduced over 50 million pounds of canned apple 
juice in Australia, of which about 90% was fortified with 
synthetic ascorbic acid (Esselen, Powers and Fellers, ’46). 
Enriched apple juice is now available on the American mar- 
ket. Procedures for the fortification of apple juice with as- 
corbic acid in commercial practice have recently been de- 
scribed by Hoffmann-LaPoche ( ’46), Merck (’46) and Pfizer 
(’46). In all these eases it has been the objective to obtain a 
fruit juice furnishing the minimum daily requirement, 30 mg 

^The (lata in this report were presented before the American Institute of 
^kiitrition, 11)47, Cliicago, Illinois. The exjienses of the study were defrayed 
^ grant from the Duffy-Mott Corapxiny, Inc., Xew Tork, X. Y. 

'At present, Cliief of the Food Development Division, Quartermaster Pood 
and Container Institute for the Armed Forces, Chicago, Illinois. 

'Present address: Xopco Chcnjieal Company, Harrison, X, J. 
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of ascorbic acid (Federal Food, Drug and Cosmetic Act, ’41) 
per serving of 100 or 120 ml. Furthermore, the vitamin has 
been reported to have a favorable clfect on color retention 
of the fruit juice during storage (Esselen, Powers and Fellers, 
’46). 

Interest in the vitamin 0 contribution of fortified apple 
juice was markedly stimulated bj" the recent report by Cramp- 
ton and Burton { ’46) that the vitamin potency is 35% greater 
than ascorbic acid content. These authors employed a new 
biological assay procedure, in which the maximum develop- 
ment in height of the odontoblast cells of the incisor teeth 
of young guinea pigs Avas the criterion of potency. Either of 
2 factors could be responsible for the greater than theoretical 
values obtained; (a) an unknoAvn factor in apple juice may 
act synergistically with ascorbic acid, permitting optimal ab- 
sorption and utilization of the vitamin, or (b) the biological 
procedure is not specific for ascorbic acid, and some other 
compound naturally present in the juice exhibits a similar 
effect. 

Studies suggesting that a mixture of flaA’one glycosides 
(citrin, or vitamin P) is required for the cure of certain 
hemorrhagic manifestations of scnr\^ liave receiitly been 
summarized (Nutrition Eeviews, ’43, ’44). Much of the evi- 
dence is based upon observations tliat natural foods rich in 
vitamin C are far more effective in the treatment of hemor- 
rhagic conditions than equivalent amounts of sjmthetic as- 
corbic acid. Citrin, together Avith ascorbic acid, appears to be 
required for the maintenance of the integrity of the capil- 
lary Avail. 

On the other band, it has been postulated (Elmby and War- 
burg, ’37) that natural foods may contain an unknoAAm factor, 
a covitamin, required for more effective utilization of ascorbic 
acid. The recent report by Crampton and Burton (’46) sup- 
ports this hypothesis since tlie authors consider their newly 
dcAmloped bioassay procedure to be specific for ascorbic acid. 
They found that fruit juices (orange, apple and tomato) 
exhibit about 35 to 45% higher A’itamin C potency than is 
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indicated i)y chonueal as^^ay ot' tiR•^e material, assays \vliieli 
included determination ol' dehydro- as well as reduced ascorl)ic 


acid. The reference material in the hioas.say> was the .syn- 
thetic vitamin. That natural f<;ods contain factors which 
inhibit oxidative loss of ascorl)ic acid has been reported hy 
Soinogyi (’45) and Eeder (’40). The latter suggests that 
compounds containing the sulfur groups, -SS- and -SH-, 
hi vegetable extracts induce greater retention of ascorbic 
acid when comparisons are made with the results of control 
tests of pure solutions of ascorbic acid (butfered or unhuti- 
ered) at the same pH value. 

Studies of factors influencing the degree of availability of 
ascorbic acid from dilTorent sources have appeared in the 
recent literature. Tests with humans have shown that as- 
corbic acid oxidase, capable of rapid in vitro destruction of 
large quantities of vitamin C, is inactive in the digestive 
tract (Hochberg, ilelnick and Oser, ’45a). Apparently the 
enzyme is destroyed in vivo or its activity inhibited. Likewise 
the destructive effect of copper on ascorbic acid is not manifest 
in the digestive tract (Hoeliberg, ^Melnick and Oser, ’45b). 
Thus, the importance of these 2 factors wliich could con- 
ceivably have been responsible for low values for available 
ascorbic acid can now he discounted. On the other hand, 
the possibility that ascorbic acid derived from fruits and 
vegetables exhibits a greater potency than the vitamin in pure 
solution stUl requires inA*estigation. As the result of earlier 
studies it has been concluded that the ascorbic acid in orange 
juice (Hawley, Stephens and Anderson, ’36), in raspberries 
(Todhunter and Fatzer, ’40), in potatoes (Clayton and Fol- 
som, ’40), in cabbage and tomato juice (Clayton and Borden, 
’43), and in papayas and guavas (Hartzler, ’45) is available to 
the human organism to the same degree as the synthetic vita- 
min in pure solution. However, in these investigations the 
basal dietaries Avere not free from other fruits and vegetables. 
The objective was to reduce the irrelevant ascorbic acid con- 
tent to a minimum : despite this the dietaries still contributed 
from 5 to ,20 mg of the vitamin per day. In vieAv of the obsei-- 



412 


I). MEL.VICIC, .At, it()Cirni:iiG AXD J3. L. OSKIJ 


vatioii tijut certaizt vcgotable e\'eti fliose low in 

ascorbic acid content, may conttiiti vitamin 0 stabilizers 
(Somog-jd, ’45; Eeder, ’46) iind since these may he responsible 
for enbaneeraent of l)iolog-icaI potency, it would seem quite 
lilrely that in the earlier studies the synthetic ascorbic acid 
taken Avith the basal dietary may also have beezi protected by 
the stabilizing factors present in the vegetables and fruits 
consumed. It is iDertinent to point out in this connection 
that the protective factor in vegetables is not destroyed by 
boiling the extracts (Eeder, ’46). 

The objectives of the study now being reported were to 
ansAver these questiozis; (1) is apple juice a faA'orable A'ehicle 
for ascorbic acid as a means of fortifying the Izuman dietary, 
and (2) AA’hat inhuezico do the stabilizing factors in fruits and 
A'^egetables have on ascorbic acid availability? 

E.AIPJSBIJIENT.VL PAET 

In vitro study 

That fruit juices contain ascorbic acid stabilizing factors 
has been demonsti’ated by the in vitro tests presezited in 
table 1. 

The analyses for ascorbic acid content Avere conducted ac- 
cording to the photometric procedure (Hochberg, Melnick and 
Osev, ’43). Acidulated, but not buffered, deionized water Avas 
employed in the &rst test system. The second consisted of 
pasteurized apple juice at its natural pH, and the third of 
freshly expressed orange juice also at its natural pH. The 
ascorbic acid Avas added to the acidulated AA'ater and to the 
apple juice in amounts comparable to that found in the orange 
juice. The solutions Avei’e neither deaerated prior to forti- 
fication nor kept under nitrogen during solution of the vitamin. 
The samples were stored in cylindrical glass-stoppez’ed jars 
under air with a head space of about one-tenth of the total 
capacity. At the end of 10 and 21 days ’ storage of the solutions 
at 45‘’0., 1 jar in each series Avas removed for analysis.* The 

*No elianges in pH occurred during storage of the samples. 
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values roporteil iu table I avc I’ov total ast’orl)U’ ueiil, siiivc 
verv little deliyclvoascorbio acid was touiul. It will be noted 
from the results of these- accelerated lioUHnif tests that the 
vitamin was api)reciably more stable iu orauiXi* juice tliau iu 
apple juice, wliile iu the latter, retention of ascorbic acid was 
far superior to that in pure aqueous solution. 


TAHLK I 

of lucorhic Arid in sttlutom. 



TOTAI. A'^counic ACIU CONTENT 

kj-tention or 
oKnrc Acii» 

TKJsT SW^TEM ' 

Krcshlr 
vrevared * 

10 da% < 
at 45*0. 

Slori'tl 
;!1 (lav* 
at 15*0. 

St<jrc<l 

10 ila> » 

at 15*0. 

21 daT< 
at 15* C. 

Aqueous* solution of as- 
corbic acid at pH 3.35 

ml 

t,ij/200 wil 

mj/lOO T.il 



(unbuffered) 

Apple juice fortified with 

50.0 

7.3 

0.:: 

13 

M..! 

ascorbic acid, pH 3.30 

Orange juice, freshly pre- 

51.4 

34.3 

4.0 

07 

0 

pared, pH 3.4(3 

50.1 

4S.3 

13,4 

SO 

24 


'Ascorbic acid was added to the acidulated water and to the apple juice in 
amounts comparable to that naturally present iu the orange juice. The solutions 
were neither deaerated prior to fortidcatiou nor under nitrogen during solution of 
the vitamin and subsequent storage. In each case (including the orange juice) the 
air bead-space above the solutions in the cylindrical glass-stoppered jars was about 
one-tenth of the total volume. 

"The solutions were held for a period of 2 hours at room temperature prior to 
the first series of assays. 

^ Deionized water. 


In vivo studies 

Inline with the first objective of this investigation, an assay 
was conducted with human subjects to determine tbe avail- 
ability of ascorbic acid in fortified apple juice in comparison 
with the availability of the vitamin when supplied by raw 
fruits and vegetables. Ascorbic acid oxidase in the latter 
products has already been shown to he inactive in the digestive 
tract (Hochherg, iMelnick and Oser, ’45a). 
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The assaj- niolliod is based upon the observation that under 
standardized conditions the urinaiy excretion of ascorbic acid 
parallels the quantity consumed (iMelniclc, Hochberg and Osei’, 
■45). The test subjects of the preceding study were employed 
in the current investigation. They were healthy adult males, 
subsisting regularly on adequate, well-balanced dietaries. They 
excreted normal quantities of ascorbic acid before and after 
the administration of an oral test dose. 

In the first availability study, comparison was made between 
the availability of ascorbic acid in raw fruits and vegetables 
(Control Period) and that derived solely from the fortified 
apple juice (Test Period). The ration consumed by the sub- 
jects during the Control Period was that routinely employed 
(^felnick, Hochberg and Oser, ’45), modified only in that a 
greater amount of raw vegetables was included.^ The values 
for the proximate constituents and vitamin content of this diet 
were the same as those described in the earlier paper (Melnick, 
Hochberg and Oser, ’45). 

The ascorbic acid-free basal ration, prior to supplementa- 
tion Avith fortified apple juice, is described in table '2. In order 
to avoid the criticism directed at preceding studies, the diet 
Avas formulated free of all fruits and vegetables. The proxi- 
mate and vitamin composition ® of the unsupplemented diet 
AA^as practically the same as that of the adequate basal ration 
except in ascorbic acid content. HoAvever, the addition of 
enriched apple juice, 460 ml in one-third portions at the end 
of each meal, contributed 115 mg of ascorbic acid, the same 
as that derwed from the adequate diet containing raAV fimits 
and vegetables. 

During each period the subjects subsisted on the dietary 
for 2 Aveeks ; the first 10 days constituted the adjustment period 
during AA’^hich no urinary collections Avere made. TAventy-fonr- 
hour urine samples Avere collected during each of the next 4 

^ The ration included bread, butter, steak, milk, eggs, sugar, oranges, bananas, 
apples, lettuce, tomatoes, cucumbers, and a salad of raw cabbage, green beans, 
pepper and carrots. 

®The methods employed for analyzing the rations were the same as those 
used in the preceding study (Melnick, Hochberg and Oser, ’45). 
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days. On the ihuil day, following the noon meal, a ‘JOO-mg 
test dose of extra ascorbic acid in afiucous .solution wa.s in- 
gested. The precautions taken in collecting the urine samples 
to prevent loss of ascorbic acid have already been described 
(Melnick, Oser and Ilochberg, ’-15). The photometric pro- 


TAULK 2 

Ascorbic acul-frt^t tiut. 


iJr/.iJL/tiJJ 


2 slices of toast (wheat) 

2 butter squ.ares 

30 gm 

1 1 Kin 

1 cup of coffee 
(10 gm sugar) 

(.30 gm milk) 

iJ'O gm 


Uxnner 


1 steak (lean) 

200 gm 

1 bottle of beer 

360 gm 

3 slices of bread (rye) 

97 gm 

1 cup of coffee 

ISO gm 

3 butter squares 

21 gm 

1 serving of eake 

55 gm 


Suppff 


Xoodle soup mix * 

31 gin 

3 butter squares 

21 gm 

2 fried eggs 

SI gm 

4 bottle of beer 

ISO gm 

Cheddar cheese 

70 gm 

1 cup of coffee 

ISO gm 

2 slices of bread (rye) 

65 gm 

1 serving of cake 

55 gm 


Fita ;ni7i 

supplemtnU - 


Thiamine 

0.5 mg 

Pibollavin 

1.0 mg 

JnaZysfS conducted on aliquots of the composite diet 


Proximate anahj^^* 

Valuei jound ^ 

F i/rtinm content 

Value* found ^ 

Total weight 

1840 gm 

Ascorbic acid 

Omg 

Total solids 

521 gm 

Thiamine 

1.48 mg 

Moisture 

1319 gm 

Thiamine : Calorie ratio 

0.6 

Protein 

100 gm 

Thiamine: Xon-fat 


Fat (ether e:stract> 

130 gm 

calorie ratio 

1.0 

Ash 

21 gm 

Piboflavin 

2.40 mg 

Crude fiber 

3 gm 

Xicotinic acid * 

19.S mg 

Carbohydrate (by 




difference) 

267 gm 



Caloric value 

2640 eal. 



^ou'fat calories 

1470 cal. 




'A mixture of glucose, monosodiura glutamate, salt, spices, livdrogenated fat 
chicken fat, and noodles. ^ 

’ One-third aliquots taken at the end of each meal. 

^Expressed in terms of total food consumed in the 3 meals. 

* Predominantly as the amide. 
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ccdui'o for ef-tiuiiitiug the vitiimiii oontent (Iloeliherg, Meliiick 
and Oser, ’4G) incliuled measurement of bolli dcliydro- and 
reduced ascorbic acid. In this report only the total ascorbic 
acid values are presented, since in all cases approximately 
90% of the vitamin in the urine was pre-'^eut as reduced 
ascorbic acid. 

T.VHI.K ! 

Urinary c.vc}rtwn of dutiDy anil cxtja amoibic and by subjects inyestiny raw 
fruits nffctablis as compaitd with fortified «s the 

sole source of di< tary vitamin 


1)1 >T (ONTMMNO U \W >KUlT}j DIET CONTAIMNO FOKTiyiED 

AM> \>OKT\nLKS .Kl'VUU JUIOK 


SI 11 IK T 

Ilnsnl I'XiretioiiK 

After 200 nijc 

basal exL ret Ions 

After 200 mtr 


Ut 21 
hours 

2ti(l 2 1 
hours 

■inl 2 i 
hours 

test llOM? of 
ascorhic ucul 

Ul2l 

liniirs 

2iul 2 1 
hours 

llrtl 2 1 
hours 

tLSt doso of 
ascorhic acid 


7017 

10/7 

«j/7 

ma/ 1 i(t 

2-4 houm 

Vtff 

Ttiij 

7»X7 

mp/Jut 

24 hours 

J. C. 

3G 

45 

57 

111 

48 

41 

42 

139 

E. M. 

7i 

01 

59 

172 

53 

U 

.50 

111 

B. 

40 

4t 

13 

103 

41 

40 

37 

90 

AT.H. 

07 

59 

57 

199 

30 

28 

31 

111 

H. ir. 

oo 

23 

27 

103 

30 

52 

39 

121 

Average 

48 

40 


150 

43 

42 

40 

128 


^Foitificd from its oiigiiml content of 0.7 mg to 30 mg of ascorbic acid per 
120 ml. The foi tided apple juice (400 nd per day) was taken in one-third portions 
at the cud of each meal. The total intake of ascorbic acid ^^as 115 mg per day, 
the same as that deri\od from the diet cont.iining the raw fruits and \egetables. 

In table 3 are listed the urinary excretion values obtained 
during the Control (raw fruit and vegetable) and Test (forti- 
fied apple juice) Periods. The differences in both the average 
basal and the test dose excretion values for the 2 periods 
were found not to be statistically significant (t = 0.S and 1.5, 
respectively).'^ It may therefore be concluded that the ascox’bic 
acid in the enriched apple juice is av’ailable to the same extent 
as the vitamin contributed by the raw fruits and vegetables 
in a natural, adequate diet.® These data, together Avith the 

’A t-valuc of 2.3 oould indicate that the diffeience between the a\erages of 2 
sets of 5 obsenations is significant (95% ])robabiUty). 

^Considering that the average iirinary CNcretion value for the 5 standaidized 
subjects is leproducible to uithin ±10% (Melnick, Hochberg and Oser, M5), 
it is apparent that tlie figuies for compaiathe availability of tlie ascoibic acid in 
the foitificd apple juice fall uitlnn the limits of piecision of the biological assay. 
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rosultd ot' tho ill citro ac'cc'lc'nitcd (>>•>• tabic* 1), 

support tho view ot’ some mitritioiiisto tiiat appK; juice is a 
favorable vebicle for supplyiiit; ascorbic afi<l to tlie laiman 
dicta IT. 

The results of the assay presented do not answer the tpie-i- 
tioii whether or not the stabiliziiii^ factors oet’urrim^ iialurally 
in fruits and veuetablo.s augiueul ascorbic acid availability. In 
both the control and test periods sunicient <juantitie.s ot the 
unknown stabilizing agent may have been sui)plied to permit 
optimal absorption and utilization of the vitamin. That apple 
juice also contains factors which favor ascorbic acid stability 
has been demonstrated in tests previously dcM-ribed. To in- 
vestigate tho etl’ect of the stabilizers, it is necessary that the 
ascorbic acid be taken during 1 of the periods in i)ure aqueous 
solution along with a basal ration free of all fruits and 
vegetables. Such a study was, therefore, also conducted. 

In order to accentuate possible differences in urinary 
excretion values, the basal ration was supplemented with only 
50 mg of ascorbic acid. This quantity in a natural diet is 
generally considered to be well above the minimum daily re- 
quirement (Federal Pood, Drug and Cosmetic Act, ’41). It 
is conceivable that when the ascorbic acid is taken in pure 
aqueous solution as a supplement to the ascorbic acid-free 
diet there might be negligible excretion of the vitamin in the 
urine, Avhereas administration of the vitamin in the apple 
juice containing stabilizing factors might be followed by 
appreciable excretion of the vitamin. If, in the absence of the 
stabilizing factors, excessive destruction of ascorbic acid oc- 
curs in vivo, depletion of tissue stores might result. This 
would be particularly evident from the excretion values ob- 
tained following dosage Avith the 200-mg test dose of extra 
ascorbic acid. 

The time schedule of the second study was similar to that 
in the first. The same period was allowed for adjustment to 
the intake of 50 mg of ascorbic acid. Four consecutive urine 
samples were then collected. The first 3 were analyzed for 
estimation of the basal excretion A'alue; the fourth for the de- 
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termination of the tissue stores of this vitamin as reflected 
by urinary excretion following’ postprandial ingestion of a 
200-ing test dose of extra ascorbic acid. During the interval 
between the 2 urinary excretion studies, the subjects subsisted 
on a customary adequate diet furnisbing approximately 115 
mg of ascorbic acid per day. Tbe urinary excretion values 
demonstrated that sucb aiE interval was ample to allow tbe 
subjects, on completion of tbe first portion of tins study, 
to return to tbe state of nutrition they were in prior to tbe 
second phase. 

TABLE t 

Vnnary excretion of (hetary and extra ascorbic acul by subjects myestiny a 
iitamtn C free diet siipplementcil with fortified apyU jauc^ or with a 
pure aqueous solution of ascoihic acid. 


DILT SUPI LEMtSTED ITH Elt T SUPPLEifENTI D U ITU .AQUEOUS 

iOaTIFIhO APPLE JUICI ~ AsCOUUIO ACID SOLUTION ^ 


bUUJlCT 

Bisal excretions 

After 200 mg 

11 isal excretions 

After 200 mg 


1st 24 
hours 

2 ml 21 
hours 

3rd 21 
hours 

ttst dose of 
ascorbic atid 

li^t 21 
liours 

2nd 2 1 
hours 

3rd 24 
hours 

tist dose of 
ascorbic acid 


mg 

mg 

mg 

mg/ 1st 

Z4 hours 

mg 

mg 

mg 

mg/lst 

24 hours 

J.C 

15 

13 

8 

32 

14 

17 

13 

53 

E M 

11 

13 

15 

50 

13 

7 

7 

18 

V M. 

12 

12 

12 

24 

Kl 

16 

12 

46 

M H. 

9 

9 

4 

16 

mm 

14 

10 

29 

F 0 

11 

15 

8 

47 

16 

16 

15 

58 

Average 

12 

12 

9 

34 

14 

14 

11 

41 


^Fortified from its oiiginal content of 0 7 mg to 30 mg of ascorbic acid per 
120 ml. 

’Both supplements fuinibhcd 50 mg of ascorbic acid per day. 


In table 4 are listed tbe urinary excretion values obtained 
in tbe second availability study. Here also there was little 
difference in either tbe basal excretion figures or in tbe total 
values following dosage with extra ascorbic acid. No greater 
destruction occurs in vivo when the vitamin is taken in pure 
aqueous solution free of the stabilizing factors in fruits and 
vegetables. Indeed, calculations of the availability of ascoi’bie 
acid in the fortified apple juice gave values appreciably less 
than 100% when compared with the data obtained after dosage 
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with the aqueous vitaiiiiu solutions. Tlie dilierenoes in hutlt 
the* average basal and the test dose excretion values tor tlie 2 
periods are, however, not statistically significant (t— = 1.2 and 
O.o, respectively).'' It may therefore he concluded that the 
stabilizing factors in apple juice responsible for greater 
stability in vitro do not increase the availability of ascorbic 
acid to the organism. It would also follow that the enhanced 
biological potency of ascorbic acid in apple juice claimed by 
Crampton and Burton (’4(1) is not due to a factor which 
permits greater absorption and more effective utilization of 
the vitamin, but possibly to the use by these investigators of 
an assay procedure which is not specitic for ascorbic acid 
alone but also estimates the activity of a covitamiu (possibly 
citrin) required for the development of the odontoblast 
cells of the incisor teeth of guinea pigs. 

Since in the first assay comparing the availability of as- 
corbic acid in fortified apple juice with that in a dietary 
containing raw fruits and vegetables, no significant differences 
in urinai'y excretion responses were observed, one may gen- 
eralize by saying that the stabilizing factors in fruits and 
vegetables which protect ascorbic acid iu vitro are ineffective, 
in the digestive system, in increasing ascorbic acid availability. 
Either the period for Biis effect to become apparent i)i vivo 
is too short or other protective factors may be present in the 
basal ration or in the digestive juices which mask the activity 
of the ascorbic acid stabilizing factors supplied by fruits and 
vegetables. 


SUMAIABY 

Aseoi’bic acid is far more stable in fruit juices than in aque- 
ous solutions. However, the stabilizing factors are ineffective 
in the digestive system in increasing ascorbic acid availability. 
On the basis of both in vitro and in vivo studies, it is con- 
cluded that apple juice is a favorable vehicle for ascorbic acid 
in the human dietary. 

• It is to be expected that the reproducibility of the excretion responses -would 
be poorer ivhen the urinary ascorbic acid values are small. 
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/iflxird.u ii(.s of CUittxi.-iii j, I'c hriiiiiry Pitthiih>ilil (‘ml JidrUrioI";);/, ni.i! .Ijiii.ki! 

ColoTiuki .l^nVuituni! Kxjitrii.K iif Sldlicii, hart Cdloi-i 

OKj; FiGUar, 

(Kct'chcil for publication June 4, l'J47) 

The velution of vitumiu A intake in animals to Iiepatic 
stores and blood levels 1ms been reported in a number of 
papers. Lewis et al. ( ’42) determined hepatic stores and 
blood levels of vitamin A In rats after G weeks on a diet 
coutainint? from 0 to 1000 I.U. of vitamin A daily. Vitamin A 
blood levels were found to reach a maximum with a daily in- 
take of 100 I.U. Hepatic stores of vitamin A increased with 
increased intake throughout the range of vitamin A fed. Cald- 
well et al. (’45) studied hepatic stores of rats receiving 3, 
6, and 12 I.U. of vitamin A per gm of di’y ration during an 
experirueutal period of 300 days. The animals receiving 6 
and 12 I.U. showed increasing hepatic stores of vitamin A 
throughout the experimental period. Braun (’45) studied 
hepatic .stores and blood levels of carotenoids and vitamin A 
as affected by seasonal change and rations. Seasonal change 
in blood vitamin A levels was found to depend upon the caro- 
tene and vitamin A intake. Significant differences were found 
in hepatic stores of vitamin A in 3 of 4 dietary groups studied. 
Baumann et al. (’34) showed that 95% of the vitamin A stores 
in the rat are to be found in the liver, providing the body 
stores of vitainin A are adequate. Guilbert and Hart ( ’35), 

* ColoiaJo Agricultural Esperiment Station, Scientific Series Article no. 245. 
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wovking' witli cattle, found 93% of the body .store.s of 
vitaniiu A in tlie livei'. The principal stores of carotene were 
found in the body fat. Frey and Jensen (’4(5) showed that a 
rapid decrease in liepatic stores of vilainin A and carotene 
occurred in cattle on a fattening: ration consistent with good 
feeding practice. Riggs ( ’40) has shown that night blindness 
will develop in cattle in from 46 to 266 days on a ration 
practically devoid of carotene. The time recpiired to produce 
night blindness was found to depend upon age, the nature 
of the ration, and the ration fed previously. 

In the present paper data are presented on hepatic stores 
and blood sernm levels of vitamin A and carotene in cattle 
on a carotene-free basal ration containing varying amounts 
of vitamin A in the form of high potency fish oil. The paper 
represents in part an investigation of the cause of liver 
abscess formation in cattle. The experiment was based on 
data derived from 2 previous experiments (Frey and Jensen, 
’46; Jenson et ah, ’47). 

EXPERISIENTAL DESIGN AND RESULTS 

One Imndred and fourteen Hereford steers of about 8 
months of age were taken from native grass pasture and 
divided into 6 lots of 19 animals each. Lot 1 was slaughtered 
at the beginning of the experiment to determine the initial 
stores of vitamin A and carotene in the blood and liver. 
The remaining 5 lots wore placed on experimental rations 
December 7, 1945. Table 1 gives the basal ration and vitamin 
A supplement for each lot. The rations were hand fed in 
amounts demanded bj’- the animals for maximum consumption. 

The vitamin A supplement was prepared by mixing a high 
potency oil, guaranteed to contain not less than 200,000 I.IJ. 
of vitamin A per gm, with a low potency oil to give a mixture 
containing approximately 25,000 I.U. per gm. The vitamin A 
content of the mixture was determined colorimetrically by 
means of the Carr-Price reaction (Carr and Price, ’26) using 
an Aminco type-F i^hotoelectric colorimeter. Crystalline vita- 
min A alcohol was used as the reference standard. One gg 
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of vUainiu A ak-ohol was oonsiderctl eqnivalcnl to -LIJ LI . ()i 
vitamin A. Tlio vitamin A-vontainini' oil was mixod well witli 
Iho rolled Ivavlvv, this in turn hoine: mixeil with tlio other ration 
constituents in the feed Irougli. ^I’lie animals were weii'hed 


at 2S-day intervals and the vitamin A suiiplement adjusted 


to give tlie intake per pound wei 
tabic 1. 

TAin.r. 1 

gilt 

of aniiiinl as 


in 

I't/tiJdi'ii .1 JsUjtph tm nitjc rw/ioiiv 

; u f ifjjit tpiin 

iiad fjnulc ttf 

IJ>T. NO, 

- 


1 


r» 

LIT. vitainiu A/U>. IkbIv \\t. Aaily 

Average daily rations (IIj, ; 

(1 

2A 

100 

2oO 

.5110 

Rollcl Ijiirloy 

i.r>o 

ri.aS 

5.5.5 

.5.5 > 

5..5'> 

Dried beet pulp 

1.47 

A. 4 7 

5.14 

5.17 

5.17 

Wet beet pulp 

l.SS 

5.42 

5.4 1 

5.41 

5.39 

Ground oat strau 

'j.4:i 

2.02 

2.02 

2.00 

2.05 

Cottonseed meal 

0.94 

0.99 

0.99 

0.99 

0.99 

Mineral 

o.n:5 

0.03 

0.05 

0.05 

0.04 

Salt 

0,01 

0.07) 

0.05 

0.07 

♦hOO 

Average initial u eight (IbA 

4G0 

401 

400 

101 

4(;o 

Average n eight — -lOd days (lb.) 

TOO 

840 

s:i4 

810 

84'> 

Average weight — -77 days (lb.) 

842 

999 

993 

100(1 

102.5 

Average daily gain (lb.) 

Government grade of ea reass 

1..72 

2.07 

2.03 

2.07 

2.U 

Choice 

G 

11 

9 

12 

U 

Good 

9 

8 

10 

7 

8 

Commercial 

o 

u 

0 

0 

0 

0 

Condemned 

1 

0 

0 

0 

0 


Blood samples were taken from each lot of animals at 27 
and 83 days. Nine animals from each lot were slaughtered after 
166 days of the experiment and the remaining 10 at 280 days. 
Liver tissue was obtained from each animal at the time of 
slaughter. Blood samples were taken from the animals at 
the last weighing previous to slaughter, corresponding to 159 
and 277 days, respectively. The sampling technique and 
methods of analysis for vitamin A and carotene in liver tis.sue 
were the same as described by Frey and Jensen (’46). Semin 
vitamin A and carotene were determined by the method of 
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Kimble (’39). Tlie ration constituents contained no carotene 
or preformed vitamin A. 

I)I.SCUSSIOX OF IIKSULTS 

In table 1 are given the average daily consumption of ration 
constituents and the Aveighl gains in pounds for each lot 
during the experimental period of 277 days. The animals in 
lot 2 show an average daily gain of 1.52 pounds as compared 
to an average of 2.0S pounds for the other 4 lots. The car- 
casses in lot 2 showed loss finish and grtuled lower than did 
those in tlie other lots. The 4 lots receiving vitamin A supple- 
ment graded about ecpially, indicating that an intake of 25 
I.U. of vitamin A per pound body weight daily is sufiicient to 
maintain finish. 

Indications of vitamin A deficiency wore observed in the 
animals in lot 2 during the fourth month of the feeding period. 
Typical eye involvement with impaired vision, as manifested 
by some change in the ability to discern olijects in daylight, 
was observed in 8 of the 10 animals in lot 2 at 277 days. 

The data in table 2 give the average values found for serum 
levels and hepatic stores of vitamin A and carotene for each 
lot while on the experimental rations. The serum levels of 
carotene decreased rapidly. At the 83-day period and there- 
after no trace of carotene was found in the serum. This is in 
contrast to the hepatic stores where definite amounts of car- 
otene were found at 280 days. At the end of 27 days the 
carotene content of the serum had dropped to approximately 
4 the initial value, there being no significant difference between 
lots. In lot 2 the serum values of vitamin A reached a maxi- 
innni at 27 days. Subsequent values at 159 and 277 days 
shoAved a rapid decrease of vitamin A. Lot 3, which received 
25 I.U. of vitamin A per pound body Aveight daily, shoAved in- 
creasing serum A'alues up to 83 days. Between 83 and 159 
days the serum levels of vitamin A started decreasing. Lot 
4, AA'^hich received 100 I.U., shoAved increasing serum leA’els 
of vitamin A for 159 days. Lot 5, Avhich received 200 I.U., and 
lot 6, Avhich received 500 I.U. shoAved similar patterns. Each 
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sliowocl increasing' levels of sernin vitamin A throughout the 
experimental period of 277 days. An intake of 200 I.XJ. or 
more of vitamin A ijer pound bod}' weight daily was sutlicient 
to meet requirements in addition to increasing serum levels of 
vitamin A. Under these experimental conditions an intake of 
between 100 I.U. and 200 I.U. of vitamin A per pound body 
weight daily maintained a nearly maximum serum level. 

The increasing pattern of serum vitamin A in lots 2, 3 
and 4 up to 27, 83 and 159 days, respectively, is difficult to 
explain. The animals had been shipped trom the Te.xas Pan- 
handle and placed on native grass pasture about 3 weeks 
prior to being placed on e.xiDerimontal rations. It is probable 
that the animals wove in the process of building up hepatic 
stores of carotene and serum vitamin A at the beginning of the 
experiment. One would expect a time factor to be involved 
in establishing blood levels of vitamin A from hepatic stores 
of carotene when the latter are increasing. Since these con- 
ditions most likely prevailed it is possible that the relatively 
large hepatic reserves of carotene were responsible for the 
increasing serum levels of vitamin A that were observed. 

At the end of 166 days the average hepatic stores of caro- 
tene .had dropped from 3.6 gg per gm of liver to 0.61 gg. At 
the end of 280 days the average carotene content was 0.28 ug 
per gm of liver. As previously shown by Frey and Jensen 
(’46), the rate of depletion of hepatic stores of vitamin A 
and carotene diminishes Avith decreasing hepatic stores of 
either of the 2 constituents. Hickman ( ’46) postulated the 
existence of a half-time recovery or depletion period for body 
stores of a Adtamin. On the basis of such a theory the greatest 
loss of carotene stores AAmuld be predicted to occur during the 
initial period of the exiDcriment. The small difference in the 
hepatic reserves of carotene for the different lots at 166 and 
280 days indicates that vitamin A does not exert an appre- 
ciable sparing action on hepatic stores of carotene. 

The Adtamin A content of the livers of the animals in lot 2 
AA'as found to be 0.2 ug per gm of liver after 280 days on a 
carotene-free ration. The significance of such a Ioav A’alue is 
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que^{ionabIo when onu o<)ii>iik‘rs tlu* inllneiK'c* of iiitert’eriiii; 
Mihstanecs iu the ('avr-I’ru’o roactum. The animals recciviii.i^ 
200 I.U. or less of vitamin A per i)()mi(i body weight daily 
showed decreased hepa tie stores of vitamin A at the end of the 
experimental period of 28U days. Those receivin'; oOO I.U. 
showed increased hepatic stores at the end of the exi)erimental 
period. Xo sij;niticant increase in hepatic stores of vitamin A 
was found hetweeu 1G6 and 2S0 days. 



Fig. 1 Heiiatic stores at 2S0 days, and blood serum levels at 277 days, of 
vitamin A compared with varying vitamin A supj)leinents in I.U. per pound body 
weight daily. 

In figure 1 hepatic stores of vitamin A at 280 days and 
serum levels of vitamin A at 277 days are compared with vaiy- 
ing vitamin A supplements (tables 1 and 2). It will he ob- 
served that hepatic stores of \dtamin A increase in practicallv 
a linear relationship with vitamin A intake. The serum levels 
of vitamin A show a rapid increase np to an intake of 100 
I.U. of vitamin A per pound body weight daily. Above an 
intake of 200 I.U. the rate of increase in serum vitamin A is 
small. This suggests that an intake of 100 I.U. of vitamin A 
per pound body weight daily is sufficient to maintain nearly 
niaxinium serum levels in cattle under the conditions of the 
experiment. This is supported by reference to hepatic stores 
ot vitamin A as ^ven in table 2. Hepatic stores of vitamin A 
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began increasing above the initial values between an intake 
of 200 I.TJ. and 500 I.U. of vitamin A per pound body weight 
daily Avhen the initial reserves were as given in table 2. 

Figure 1 shows no simple relationship to exist between 
serum levels and hepatic stores of vitamin A. This suggests 
that the body mechanism controlling serum levels of vitamin 
A is different from that controlling hepatic stores. 

Table 3 summarizes the results obtained in making a com- 
parison of individual values between lots to determine the 


table 3 

Orthogonal comimrison of lots to determine the significance of blood and liver 
values of vitamin -1 as given in figure i.‘ 


I.OT3 

COMIMBKD 

a 

trx 

if.s.n. 

0.05 

0.01 



Blood — 277 days 



2 and 3 

4.17 

1,87 

3.00 

5.34 

3 and 4 

2.00 

0.90 

1.87 

2.55 

4 and 5 

8.84 

3.95 

8.27 

11.30 

5 and G 

41.00 

18.10 

38.50 

52.60 



Liver — 280 days 



2 and 3 

0.51 

0.23 

0.48 

0.6(5 

3 and 4 

5.10 

2.28 

4.78 

6.53 

4 and 5 

10.30 

4.G0 

9.G2 

]3.20 

5 and 6 

32.50 

14.52 

30.40 

41.60 

* a — Standard 

deviation ; crx 

standard error; M.S.B. 

= minimum 

significant 


diiferenco between means at the o and 1% levels. 


significance of the average values shown in figure 1. The 
values for the minimum significant differences between means 
show that for blood levels of vitamin A the first 2 orthogonal 
comparisons differ very significantly, while the last 2 do not 
differ significantly. This indicates that blood levels of vitamin 
A, under the conditions of the experiment, reach a maximum 
value at an intake of between 100 I.U. and 200 I.U. of vitamin 
A per pound body weight daily. For the liver values of vitamin 
A all 4 orthogonal comparisons show highly significant differ- 
ences! This indicates that hepatic stores of vitamin A increase 
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with increa.siiig intake of vitamin A thronj^hout the ranue te<l 
in the expevinient. 

SUM^[AKV AN*n CONCLUSIONS 

Hereford steers of about S months of age won* maintaine<l 
on a carotene-free basal ration containing vitamin A siippie- 
inents at levels of 0, 25, 100, 200 and 500 I.U. per pound body 
weight daily. Serum levels of vitamin A and carotene were 
determined at 0, 27, S3, 159 and 277 days, and hepatic stores at 
0, 166 and 2S0 days. 

The animals receiving only the basal ration showed a lower 
ration consumption and lower average daily gain than those 
receiving vitamin A supplement. The ration consumption and 
weight gains were about the same for all lots receiving vitamin 
A supplement. 

Dietai*y vitamin A did not exert a sparing action on hepatic 
stores of carotene. Blood stores of carotene were depleted 
sooner than were hepatic stores. Hepatic stores of vitamin A 
increased in practically a linear relationship Avith intake 
throughout the range of vitamin A suiiplement fed. Serum 
levels increased rapidly up to an intake of 100 I.U. of vitamin 
A per pound body Aveight daily. An intake of 100 I.U. of vita- 
min A per pound body AA*eight daily AA*ill maintain nearly maxi- 
mum serum levels of A'itamin A in cattle under the conditions 
of the experiment. 

Serum levels and hepatic stores of Autamin A appear to be 
controlled by different body mechanisms. 
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STUDIES OF THYROID TOXICITY 

I. A KUTl'.lTIOXAL FACTOIl WHK'U ALLKVIATKS TilK TOXICITV 
OF IKGESTKD TUYFOID SUllSTAKCK ' 

JOSEPH J. BETIIEIL, V. H. WIEBELUAUS AND HENRY A. LARDY 
D<l>arliiunt of mochcinUtrij, ColUgr of .tf/riciilture, 

Univcr.titj/ of Wucoit.siii, MiiJUuii 

(Riceivcd for liiiblication .lime 20, 1917) 

The importance of nutrition in experimental liypertliy- 
loidism and its effect on the course of the syndrome have been 
emphasized by many investigators. The vitamin requirements 
of hyperthyroid animals appear to be increased. Abelin ( ’30) 
found that increasing the casein content of a thjTOtoxic diet 
decreased the severity of the symptoms. The casein used was 
a crude preparation and may have carried other essential 
nutrients with it. There is a great deal of evidence which 
indicates an increased requirement for vitamin A (Abelin et 
al., ’30; Abelin, ’33; von Euler and Klussman, ’32; Logaras 
and Drummond, ’38; Sure and Buchanan, ’37b) and in guinea 
pigs for ascorbic acid (Svirbely, ’35; Sure and Theis, ’39) 
during experimental hj^ierthyrodism. 

Most attention has been focused on the vitamins of the B 
complex. These \’itamins, where their function has been 
elucidated, have been found to be associated in the enzyme 
systems which yield energy to the organism. The thyroid 
gland through its hormone appears to exert a regulatory 
influence on these energy-yielding- metabolic processes. At 
present, the specific function of the thyroid hormone is not 
clear, 

* Published with tlio approval of the Director of the B'iscoDsin Agricultural 
Experiment Station. Supported in part bj- the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumni Research Foundation. 
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It is quite logical to assume that au increased jiietabolic rate 
^s•luch results from the administration of a thyrotoxic material 
may necessitate an increased dietary intake of members of 
the B complex. The work of many workers contirins such a 
hypothesis (Abelin, ’30; Cowgill and Pahnieri, ’33; Iliimvich 
et ah, ’31, ’32). The partial protective cifect exerted by 
vitamin Bi was first .shown by Sure and Smith (’34), Sure 
and Buchanan (’37a) and contirmed by Drill and Sherwood 
(’38). Tliyroto.xicity has been shown to be accompanied by a 
reduction of vitamin Bi content of the tissues (Drill, ’37) and 
also of their cocarboxylase activity (Peters and Rossiter, ’39). 
Vitamin Bj alone did not give as adequate protection as was 
obtained when yeast or a yeast concentrate was added to the 
ration (Drill, ’37; Sure and Smith, ’34; Sure and Buchanan, 
’37a). 

As more members of the B comidex became available in 
pure form, their elTects in counteracting thyrotoxicity were 
studied. Drill and Overman (’42) found that pyridoxine and 
calcium pantothenate were retjulred in larger quantities dur- 
ing experimentally induced thyrotoxicosis. Their ration con- 
tained a minimal quantity of yeast. Abelin (’45, ’46), feeding 
a crude ration, observed a beneficial effect when massive doses 
of calcium pantothenate were administered to hyperthyroid 
rats. Er.shoff and Hershberg- (’45) were unable to alleviate 
the symptoms resulting from thyroid administration by 
greatly increasing the calcium pantothenate level of the ration. 
Katzeiielbogen, Alexrod and Blvehjem (’41) observed that 
increasing the nicotinic acid content of the ration did not 
affect the gross symptoms of thyrotoxicity, but did prevent 
the accompanying decrease in the coenz3uue I content of the 
tissues. 

Ershoff and Hershberg ( ’45) found that rats fed a purified 
ration very high in the members of the vitamin B complex 
known to be required by the rat grew poorly when desiccated 
thyroid was added. The feeding of a yeast-containing ration 
resulted in much better growth and survival. This indicated 
that some factor present in yeast, other than the vitamins 
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added, exerted an aiititliyroioxic- ett'ecd. Their piirilied ration 
did not contain inositol, biotin, nicotinic acid, tolic acid, and 
p-ainiuobonzoic acid. 

The present investigation was undertaken to determine the 
nature of the growth stimulating, antitbyrotoxic agent in yeast 
and other sotirces. It was desisted to shon* whethov thi.s 
effect was due to one of the known members of the vitamin 1> 
complex or whether an as yet unknown factor was I’csponsible. 


pnOCEDUUE 

Male, weanling albino rats of the Sprague-Dawley strain 
and weighing 3.>— 15 gm were used in this study. It has been 
shown by earlier work (Drill, ’3Sa, b) that male I’ats are more 
sensitive to administered thyroid substance than are females. 


T.VBLE 1 

Composition of the rations. 



kvtiox 


Casein (hot alcohol extracted) 

oo 

oo 

Sucrose 

. 68.5 

56.5 

Salts IV (Phillips and Hart, ^35) 

4.5 

4.5 

Cora oil 

5 

5 

Dried brewer’s yeast 


12 


To eneli kg of the ahovc rations the following crystalline vitamins were added: 
thiamine hydrochloride 3 mg, riboflavin 6 mg, nicotinic acid 20 mg, pyridoxine 
hydrochloride 3 mg, calcium pantothenate 30 mg, choline chloride 2 gm, p-amino- 
benzoic acid 50 mg, biotin 0.1 rag, folic acid 0.25 mg, and inositol 1 gm. Each 
animal received weekly 3 drops of Abbott Haliver oil tr.S.P. (Haliver oil contains 
60,000 E.S.P. units of vitamin A and 600 TJ.S.P. units of vitamin D per gm.) The 
above rations contain all the known members of the vitamin B complex, added in 
crystalline form. 


Each animal was housed in an indmdual mesh-ho,ttomed cage 
and was weighed weekly. All animals were given food and 
water ad libitum. 

The composition of the rations used is given in table 1. 
Supplements were added to the basal as per cent of the 
basal, unless otherwise indicated. In all experiments both 



434 


J. J. IJKTinCIL, V. I). WIKliliLHAl'S A.NT) 11, A, I.AIiDV 


negative and positive controls were included. Tlio negative 
control received the purilied ration plus desiccated thyroid, 
while the positive control received the purilied ration alone. 

After preliminary orienting experiments, it was found 
that a 4-weeic gi'owth period could be used as an assay of the 
autithyrotoxic properties of a material. This assay was used 
in these studies. 

TA11I.K 2 


Effect on (/roiclh and survival of graded amounts of ingested thgroid substance. 


I.OV 

xo.' 

IIATIOX 

TIIVKOID 

CONTK.NT 

AVKU.VOK 

hUUVlVAU 

NO. 

amvk 

AKThR 

Hi DAY.S 


AVf.llAni; WKItJUT AT 

4 

weeks 

rt 

Wl'l'kH 

12 

weeks 



f/c tnlilrtl ^ 



fIfU 

ijm 

S/m 

13 

A 

0.0 

84 

3 

181 ± 10 

275 ± 21 

302 ± 33 

14 

A 

0.1 

81 

.> 

140 ± 18 

195 ± 17 

17-2 ± iG(C) 

15 

A 

0.25 

38 

0 

08 ± 8 



U 

A 

0.5 

.35 

0 

72 ± 3( 

2)‘ 


17 

B 

0.0 

84 

.3 

102 ± 27 

250 2: 48 

.■lOll ± Cl> 

18 

B 

0.1 

84 

3 

154 ± 21 

198 2: 8 

207 2: 1.A 

19 

B 

0.25 

71 

o 

120 2z 11 

179 ± 3(2) 

18G 2z 7(C) 

20 

B 

0.5 

39 

0 

109 ± IG 




'Tlirce rats per lot. 

“The desiccated thyroid preparation used in the above experiment was Parke- 
Davis Desiccated Thyroid gland. It was 50% stronger than U.S.P, and contained 
0.3% iodine in organic combination. 

’The experiment was terminated after 84 days. Where any of the animals sur- 
vived the full length of the exi)erimental period, 84 days was averaged into the 
survival to obtaiji the average survival, 

* Numbers in parentheses indicate the number of animals still alive at that time. 

RESULTS 

In preliminary experiments it Avas found that the levels 
of desiccated thyroid fed by Ershoff and Hershberg (’45) 
Avere too high for tbe strain of rats used in these studies. 
This may also have been due to sex differences. On dietary 
levels of 0.5 and 1.0% desiccated thyroid, no protective effect 
of yeast could be demonstrated. 

Table 2 summarizes the experiment performed to determine 
the optimal level of desiccated thyroid at A\-hich changes in 
o-roAvth and survival due to yeast administration Avould be 




or Tiivi:un) noxicnv ‘to.> 

most luarkoil. De''K'i‘atotl thyroid was lot! at lovids ol’ 0.0, 0,1. 
0.25, and 0.5' r aildcd to tho i)unricd (ration A) and yea.sl 
(ration B) rations. Tlio data (tai)lo 2) indicate that there was 
a graded response to the various levels ol' thyroid fed. This 
especially can he seen for the growth depression and is also 
retlected in the survival data. A comparison of lots lO-H'. 
with lots 17-20 clearly shows that yeast e.xerted a marked 
antithyrotoxic etToct. The differences in growtli and survival 
resulting from veast feeding were most marked on a hwtd 
of 0.25% desiccated thyroid. Therefore this level was used in 
all subsequent experiments. It can also be seen that a ration 
(A), containing all the known B vitamin.s at levehs which were 
much higher than adequate for normal animals, was incapable 
of supporting a good rate of growth when .supplemented with 
thyroid. 


Other possible antithyrotoxic materials 

The efficacy of a number of other materials in exerting an 
antithyrotoxic effect was determined. Since there is no agree- 
meirt in the literature (Drill and Overman, ’42; Abelin, ’45, 
’46; Ershott' and Her.shberg, ’45) concerning the effect of 
pantothenic acid on thyrotoxico.sis, the action of very large 
quantities of this vitamin was determined. Two groups of 
rats (table 3, experiment A) were fed the purified ration and 
a low and high level, respectively, of calcium pantothenate. 
The animals receiving 330 mg of the vitamin i)er kg of I'ation 
sho^\ed no significant improvement in growth or survival Avhen 
compared to those receiving 30 mg per kg of ration. It may 
be concluded that an augmented intake of calcium panto- 
thenate exei'ted no beneficial effect in these experiments. 

Alopecia has been shoAvn to be a symptom of inositol defi- 
ciency in mice ("Woolley, ’41) and rats (Cunha et ah, ’43). 
The reported occurrence of alopecia during the course of 
thyrotoxicosis (Ershoff and Hershberg, ’45) indicated a pos- 
sible increased requirement of inositol for rats receiving 
desiccated thyroid. Lots 22 and 24 (table 3, experiment A) 
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ilemonslriitod tlmt llio addition of 2% inositol to the tliyroid- 
contuining ration exerted no antithyrotoxic effect. 

in attempts to find other sources of the antithyrotoxic fac- 
tor(s), dried whole liver powder,- yeast nucleic acid, and 1:20 
liver iDowder,- wore fed. A conii)arison of lots 22 and 25 
shows that the dried liver preparation fed at 5% of the ration 
is an excellent source of the antithyrotoxic factor(s) ; iin 
average weight difTerence of 62 gm was noted at the end of 4 
weeks. The beneficial effect of liver was exhibited throughout 
an 11-week period while all of the rats in lot 22 died after 6 
to 8 weeks. 

Dried whole liver, when added at a 5% level, exerted a 
greater beneficial effect than did 12% dried brewer’s yeast. 
This marked protection, by dried whole liver powder, was 
reflected in both growth and survival of the animals. Dried 
whole liver powder was also found to bo active when fed at a 
3% level (experiments C and D, table 3). 

The addition of 5 gm of liver powder 1:20- (roughly equi- 
valent to 30 gm of dried whole liver powder) per kg of ration 
had a marked protective effect as is clearly shown by a com- 
parison of lots 38 and 40. The effect of yeast nucleic acid 
was determined since this substance occurs in high concentra- 
tion in dried j-east. It can be seen from the data in table 3 
(experiment B) that the addition of 0.5% yeast nucleic acid 
had no beneficial effect. 

A comparison of lot 28 with lot 35 indicates that yeast 
still exerted some antithyrotoxic action when added to the 
ration at a level of 5%. 

Stah'iUtjj of the antithyrotoxic activity of liver 

In order to determine the stability of the antithyrotoxic 
material(s) in liver, dried whole liver powder was subjected 
to the rather drastic treatments described below. The dry 
powder was suspended in 2-3 times its Aveight of distilled 
Avater and then diAuded into 3 portions and treated as foIIoAVs : 


=>A\atson. 
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Ouesflniplo was autoolavod for 1 liour at 15 poiiiuls. The other 
2 were adjusted to pH 1.0 and 10.0 with hydrochloric acid 
and sodium hydroxide, respectively, and then autoclaved for 
1 hour at 15 pound.-^. The.se were then neutralized with sodium 
hydroxide and hydrochloric acid. Each of the i5 preparation.-^ 
was dried and ground to a fine powder before \ise. 

The treated preparations were fed at levels ccpiivalent to 
5% whole liver powder in 1 experiment (B) and at a 3% 
level in another (D). The data in table 3 indicate that, at 
either of the levels fed in these studies, none of the above 
treatments resulted in a loss of the antithyrotoxic activity of 
the whole liver powder. 

In a subsequent experiment an extract of dried whole liver 
powder which had antithyrotoxic activity was heated at 100° C. 
for 12 hours with no loss of activity. It can be concluded 
from the above experiments that the activity of dried whole 
liver powder as an antithyrotoxic agent is not destroyed by 
heating in water, acid, or alkaline solutions. 

DISCXJSSIOX 

The data presented clearly indicate that there is pi’esent in 
liver a factor(s) which is essential for the groivlh of rats 
suffering from experimentally induced hyperthyroidism. 
When the ration contained aU known members of the vitamin 
B complex, at levels much higher than accepted adequate 
levels, thyrotoxicity was severe ; also, further addition of cal- 
cium pantothenate and inositol gave no protection, whereas the 
various liver preparations exerted antithyrotoxic effects. 
In other experiments, too detailed to describe in this paper, 
doubling the vitamin levels described in table 1 had no notice- 
able effect on growth and survival. 

It may well be that thyroid feeding increases the require- 
ment of the growing animal for some as yet unknown factor(s) 
which the animal ordinarily obtains in adequate quantities 
through tissue or intestinal synthesis. Another possibilitv 
which must be considered is that thyroid feeding results in 
decreased synthesis of some factor(s) essential for growth. 
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tabli: j 


Sources and stahilUl/ of the antithi/rotoxtc factorfsj. 


LOT 

NO ' 

J^VTION 

Tuxuoin 
sun‘»T\Nci ^ 

scin t LMi s r 

Avr« vaj. 

vi i:jfjJiT 
^ W 1 IvKh 



(Utdfd 


Uni 




Expti uju nt A 


21 

A 

0.0 

None 

134 i 10 


A 

0 2.') 

iVune 

81 16 

23 

A 

0 25 

300 ing tjleuim p.uitothtiMto 





per Kg of r.Uion 

Co ^ 15 

24 

A 

0 2 r> 

225? inositol 

78 2:16 

25 

A 

0 25 

59f dried whole Iner siibdt.uice ^ 

143 2z 11 

20 

B 

0 25 

None 

I2t U 




Bxiicnmcnt B 


27.1 

A 

00 

None 

150 ± 2 

27b 

B 

0.0 

A"ono 

177 ± 0 

28 

A 

O.So 

N'one 

103 ± 1 

29 

A 

0.0 

5% dried whole liver powder 

J95:i: » 

30 

A 

0.25 

5% dried whole Iner powder 

139 ± 15 

31 

A 

0 25 

5i% autoclaved whole liver powder 

159* 0 

32 

A 

0.25 

5% vvhole liver powder auto 





elaved in acid solution 

117 ±1.') 

33 

A 

0.25 

5% vvliole liver powder auto 





elaved in alkaline solution 

U7 ± 11 

34 

B 

0 25 

None 

141 * 10 

35 

A 

0 25 

5% dritd brewer’s ^e.ist 

1.J5 * 13 

36 

A 

0 25 

0 5% veist niicUie .leid 

94 * 12 




Experiment C 


37 

A 

0.0 

None 

189 * 9 

38 

A 

0 38 

None 

119 * 4 

30a 

A 

0 0 

3% dried whole liver powder 

190 * 10 

39 

A 

0 3S 

3% dried whole liver powder 

141 ± 11 

40 

A 

0 38 

5 gm liver powder 1 * 20 per Ug 





of ration^ 

142 * 10 




Experiment D 


52 

A 

00 

A^one 

179 ± 14 

53 

A 

0 38 

None 

129 it 3 

59 

A 

0.38 

3% whole liver powder autoclaved 





m alkaline solution 

163 * 8 

60 

A 

0 38 

3% dried whole livei powder 

142 It 13 


* Four rats per lot» 

^Tiie desiccated th>roid used lU e\peunieuts A and B of the table was a ParXe 
Pans (0 3% iodine) preparation, in C and P, Wilson desiccated thyroid 17 SP 
(0 2% iodine) was used The substitution was made on an equi lodme basis 
^ Wilson. 

*Lirer powder 1: 20 (Wilson) is prepared by watei extinction of whole liver. 
One gin is equivalent to 20 gm of fresh In ei 
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Still 11 tliircl iihoriiative is that livor and yeast contain a sub- 
stance which directly antagonizes tlie action ot the thyroid 
hormone. Further work is necessary to determine how the 
beuefieial eti'ect of liver in counteracting thyroto.xicity is 
exerted. 

The antithyrotoxic factor(s), as can he .seen from the data, 

i.s not dOvStroyed by heating in neutral, acid, or alkaline sus- 
pension'. Its presence in liver powder 1:20'^ indicates it to 
be water soluble. The factor(s) reported in this paper does not 
appear to be identical with the monkey anti-anemia factor 
(also present in liver) reported recently (Ruegamer et ah, 
’47) since the latter factor is beat labile. 

IVbile tbis paper was in preparation, ErsbotT ( ’47) reported 
the presence of a factor in liver, other than tbe known B 
vitamms, wbicb was necessaiy for tbe growth of immature 
rats fed desiccated thyroid. Tbe results reported in tbis paper 
are in agreement with bis data. "Work is now in progress on tbe 
fractionation of liver preparations in order to determine tbe 
properties of, and to purify tbe active material observed in 
these studies. Progress wbicb has been made in that direction 
will be reported in a later paper. 

suxrxiAEY 

1. The presence in yeast of an antithyrotoxic factor, wbicb 
has been previously reported, has been confirmed in these 
studies. 

2. Liver has been found to be a better source of tbe anti- 
thyrotoxic material than yeast. Tbis factor is not one of the 
known B vitamins. It is heat stable and under the experi- 
mental conditions employed is not destroyed by autoclaving in 
acid or alkaline solution. 

3. Calcium pantothenate and inositol did not exert an anti- 
thyrotoxic effect when fed at very high levels in a purified 
ration. 


’Wilson. 
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TABLE i 


a/u/ stahiUty of tJn mitithurotoxic fiittor(s). 


lOT 
.SO 1 

ILVTIOS 

THIHOID 
SUnsTVSCh 2 

si l i M Ml ST 

AVI B VOE 
w 1 lOllT 

4 W M K8 



(uliUd 


Um 




Lxpirimcnt J 


21 

A 

0.0 

None 

15-1 ± 10 

on 

A 

0 25 

None 

81 2: 16 

23 

A 

0 25 

3U0 mg c ilciuui p intothtn ite 





per kg of ration 

65 ± 15 

21 

A 

0 21 

2% inositol 

78 ± 10 

2j 

A 

0 25 

5% dried Mhole Iimt substance* 

143 ± 11 

2G 

B 

0 25 

None 

12t ± 13 




Experiment B 


27 1 

A 

00 

None 

159 ± 2 

27b 

B 

0.0 

None 

177 ± 6 

28 

A 

0.25 

None 

103 ± 1 

29 

A 

00 

5% dried whole li\er powder 

195 ± 9 

30 

A 

0 25 

5% dried whole lucr powder 

139 ± l.l 

31 

A 

0 25 

5% autoclaved whole liver powder 

159 ± 0 

32 

A 

0 25 

5% whole liver powder *iuto- 





claved 111 acid solution 

147 ± 13 

33 

A 

0 25 

5% whole liver powder auto 





dived 111 alkaline solution 

147 ± 11 

31 

B 

0 25 

None 

Itl ± 10 

35 

A 

0 25 

5% diied brewer^s veist 

135 ± 13 

36 

A 

0 25 

0 5% veist nucleic and 

94 ± 12 




Experiment C 


37 

A 

00 

None 

189 ± 9 

38 

A 

0 38 

None 

119 ± 4 

39a 

A 

00 

Wo diied whole liver powder 

190 ± 10 

39 

A 

0 38 

3% dried whole liver powder 

141 ± 11 

40 

A 

0 38 

5 gm liver powder 1 20 per kg 





of ration * 

142 ± 10 




Experiment V 


52 

A 

00 

None 

179 ± 14 

53 

A 

0 38 

None 

129 ± 3 

59 

A 

0 38 

3% whole liver powder autoclaved 





in alkaline solution 

163 ± 8 

60 

A 

0 38 

3% dried whole liver powder 

142 ± 13 


^ Four rata per lot 

-The desiccated thyroid used m expeiiments A niid B of the table was a Parke 
DaMS (0 3% iodine) pieparatiou, in C and D, Wilson desiccated thjroid IT S P 
(0 2% lodiiio) was used The substitution ^\as made on an equi iodine basis 
* Wilson. 

^ Liver powder 1* 20 (Wilson) is prepaied b}^ ^^atel extraction of whole Iner. 
One gm is equnalent to 20 gm of fresh luer 
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During the course of studies on the effect of the ingestion 
of synthetic thiamine, riboflavin, nicotinic acid and panto- 
thenic acid on the amounts of these vitamins in the milk of the 
cow it was observed that by the microbiological method the 
riboflavin content of the milk from cows fed the synthetic 
vitamins showed varying degrees of increase from none up 
to a maximum of a 2-fold increase. Usually the milk showed 
a very distinct greenish-yellow color, characteristic of aqueous 
solutions of riboflavin. Samples of milk from cows fed rather 
large amounts of riboflavin, when measured by the standard 
fluorometric procedure, gave values approximately 5 times 
higher than the values obtained microbiologically. 

This observation suggested that at least in certain species 
the apparent riboflavin value of the milk following the in- 
ge.stion of riboflavin might differ by as much as 500%. This 
posed a problem of both applied importance and possibly one 
of comparative biochemistry of a siiecies difference in metabo- 
lism of riboflavin. Furthermore it seemed important to de- 
termine by feeding experiments with rats which of the 2 assay 

•Till’ aiitliors .Tfi' iticUlitcJ to Merck ainl Comiiany for tliu rit>o:1avin. to .1. 
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diluted urine or filtrate from tlie milk with potassium per- 
mauganate and hydrogen peroxide (Scott et ah, ’46). The 
values obtained by this treatment are referred to in the tables 
under the column headed *‘ KM n 04 .” This fraction was then 
adsorbed on florisil and eluted ^vith a 20% pyridine-2 % acetic 
acid solution. The values obtained by this treatment are re- 
ferred to in the tables under the column headed “KINInO-t plus 
florisil.” 

BESULTS AXD DISCUSSIOX ' 

Milk 

The data on the riboflavin values for milk obtained by the 
different analytical procedures are presented in table 1. Since 
the goat and sheep responded in a similar manner to the 


table 1 

Apparent riboflavin vi goaVs and ewe^s (Values in fig per ml.) 


AKIMAL, 1 

nrETAEY 

TEEATilEXT 

JflCEO- 

BIOLOGICAI. 


t'LVOnOZCETSIC 


Untreated 

KUnO, 

KHnO* plus 

Goat no. 1 

Basal 

3.7 

4.0 

3,8 

3.9 

Goat no. 1 

Riboflavin 

4.3 

19.8 

20.0 

19,8 

Goat no. 2 

Basal 

3.4 

3.7 

3.7 

3.6 

Goat no, 2 

Riboflavin 

3.5 

25.7 

25.2 

24.0 

Goat no. 3 

Basal 

2.4 

2.6 

2.5 

2.5 

Goat no. 3 

Riboflavin 

3.7 

14.7 

14.3 

12.0 

Sheep no. 1 

Basal 

5.7 

6.0 

6.3 

0.3 

Sheep no. 1 

Riboflavin 

6.7 

44.8 

45.0 

34.2 

Sheep no. 2 

Basal 

5.4 

6.3 

5-6 

5.2 

Sheep no. 2 

Riboflavin 

7.S 

37.6 

36.6 

26.2 


' The weights of the animals starting with goat no, 1 and proceeding down the 
table were 50.0 hg> -la.d kg, 47.7 kg, 54.5 kg and 50.9 kg. 


ingestion of riboflavin and have similar values for the milk, 
the data for the 2 species are considered together. 

The fluorometrie values on the untreated normal milk avei-- 
ago about 15% higher than the microbiological values. This 
indicates that goat’s and ewe’s milk contain some non-ribo- 
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procedures measured the true biological activity of the 
riboflavin in the milk. 


EXI'EJUJIEN’TaL 

In these studies milch goats and sheep were used since 
metabolism cages were available permitting the quantitative 
collection of the urine simultaneously with the collection of 
the milk. "With the goats the full amount of milk secreted was 
withdrawn from the udder, but with ewes it was not possible 
to obtain all of the milk. There was also a marked difference 
in the amount of milk produced by the goats, and for these 
reasons the data are more uniform and consistent when ex- 
pressed on a ml basis rather than on a 24-hour basis. 

The urine and milk were collected for 2 consecutive days. 
Two gm of synthetic riboflavin were then administered in a 
gelatin capsule for each of 3 consecutive days. The uidne and 
milk were collected on the second and third day of ingestion 
of the riboflavin. Precautions were taken to prevent destruc- 
tion of the riboflavin in the milk and urine by photolysis. 

The urine and milk collected both before and after the in- 
gestion of riboflavin were assayed by the standard micro- 
biological method of Snell and Strong (’39). Riboflavin was 
also measured by the fluorometric procedure with a Coleman 
photofluorometer after 3 different treatments of the samples. 
The milk was autoclaved with 0.1 N HCl for 30 minutes. After 
adjusting the pH to about 4.6 the aliquot was made up to 
volume and filtered. The urine was merely adjusted to the 
proper pH and diluted. A sufficiently large sample was pre- 
pared so that all assays could be made from the initial 
preparation. 

The milk and urine samples for the microbiological assays 
received no treatment other than that previously mentioned. 
The riboflavin was also measured fluorometrically for the 
milk and urine samples so prepared without any attempt to 
remove non-i'iboflavin fluorescent compounds. This value is 
referred to in the tables as “untreated” under fluorometric. 
The second fluorometric procedure consisted in treating the 
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diluted urine or filtrate from the niillc with j^otassiuin i^er- 
inanganate and hydi*ogen peroxide (Scott et al., ’46). The 
values obtained by this treatment are referred to in the tables 
under the column headed ^^KitnOi.” This fraction was then 
adsoi’bed on florxsil and eluted with a 20% pyridme-2% acetic 
acid solution. The values obtained by this treatment are re- 
fenced to in the tables ixnder the column headed ^‘lOInOt plus 
florisil,’^ 

RESULTS AKD DISCUSSION ’ 

3/il/c 

The data on the riboflavin values for milk obtained by the 
different analytical procedures are 2 :)reseuted in table 1. Since 
the goat and sheep responded in a similar manner to tbe 


T.VBLE 1 

Apparent riboflavin in goat*s and ewe *3 mill:. (Values ui iig per ml.) 


a : s 12^ ai , 1 

DlET>iET 

TKEATJIEKT 

WICRO- 

UlOnOGICAI. 


rLuonooiETnic 

Untreated 

KMnO* 

KllnO* Plus 
liorJ'jfl 

Goat no. 1 

Basal 

3.7 

4.0 

3.8 

3.9 

Goat no. 1 

Eiboflavin 

4.3 

19.8 

20.0 

19.8 

Goat no. 2 

Basal 

3.4 

3.7 

3.7 

3.6 

Goat no. 2 

Biboflavin 

3.5 

25.7 

25.2 

24.0 

Goat no. 3 

Basal 

2.4 

2.6 

2.5 

2.5 

Goat no. 3 

Kiboflavin 

3.7 

14.7 

14.3 

12.0 

Sheep no. 1 

Basal 

5.7 

6.9 

6.3 

5.3 

Sheep no. 1 

Riboflavin 

6.7 

44.8 

45.0 

34.2 

Sheep no. 2 

Basal 

5.4 

6.3 

5.6 

5.2 

Sheep no. 2 

Biboflavin 

7.8 

37.6 

36.6 

26.2 


‘ The weights of the animals starting wrath goat no. 1 and proceeding down the 
table were 50.0 kg^ 43.6 kg, 47.7 kg, 54.5 kg and 50.9 kg. 


ingestion o£ riboflavin and bave similar valnes for the milk, 
the data for the 2 species are considered together. 

The flnorometrie values on the untreated normal nnil] ,- aver- 
age about 15% higher than the microbiological values. This 
indicates that goat’s and ev'e’s milk contain some non-i'ibo- 
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fiavili fluorescent eoinpounds. Treating with potassium per- 
manganate and hydrogen peroxide gave values slightly lower 
than the untreated values. The niierobiological values agreed 
very well with the values obtained after treating with IQInOi 
and adsorbing on florisil. The average riboflavin content of 
the 5 samples of normal milk by the microbiological method 
was 4.12 ng per ml as compared to 4,10 pg per ml by the 
fluorometric method following treatment with KiMnOi and 
adsorbing on florisil. 

Following the ingestion of 2 gm of riboflavin daily there 
was an increase of only 26% in the riboflavin content of the 
milk as measured by the microbiological method. The average 
riboflavin content of the milk from the animals on the basal 
diet was 4.12 pg per ml as compared to 5.20'pg per ml follow- 
ing the ingestion of riboflavin. The magnitude of the increase 
is very small considering the amount of riboflavin ingested. 
These observations differ from the findings with women where 
there appears to be a more direct correlation between the 
intake of riboflavin and the concentration in the milk (Neu- 
weiler, ’37). 

Following the ingestion of 2 gm daily of S 3 ’nthetic riboflavin 
there was a marked increase in the riboflavin value of the milk 
of all animals as measured fluorometrically. Using the 
“KidnOi plus florisil” procedure the riboflavin values were 
5 to 6 times that obtained by the microbiological procedure. 
Obviously 1 of these methods represents an error probabh’’ 
due to fluorescent compounds measured bj’- the fluorometric 
procedure which do not have biological activity. The validitj’’ 
of this assumption was tested b}’’ feeding experiments with 
rats. 


Rat growth 

Milk from 2 goats and 1 ewe was fed to groups of rats and 
the growth response used as a measure of the true riboflavin 
present. Milk collected during the period the basal diet was 
fed and during the period of riboflavin ingestion was evapo- 
rated on purified diets at levels to provide the same amount 
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of riboflavin in the diets when measured by the microbiological 
procedure. The diet used for measuring the biological activity 
of tile riboflavin in the milk was tlie same as that previously 
described (Scbweigert and Pearson, ’47) except for the ribo- 
flavin. On the basis of the fluorometric value the diet contain- 
ing the riboflavin milk provided 150 yig or more of riboflavin 
per 100 gm of diet. This is adequate to permit maximum rates 
of gain by the rat. That the diet was adequate in all factors 


T.VBLE 2 

Growth of rats suiiplemcntt:d ivith mil): as source of riboflavin. 



fiO KinOFL.\VlN’/l0O GM DIET 


nODY WEIGHT ^ 


RIBOFUWIX 

Micro- 

b’olo^ical 

KMnO* plus 
tlorisil 

Initial 

Final 

Gain 
per week 



Goat’s 7n\lk 

gm 

gm 

gm 

Xonnal milk 

7 ml/100 gm diet 

23.4 

25.3 

34.6 

52.0 

5.8 

liiboflavin milk 

7 ml/100 gm diet 

24.1 

179.2 

39.0 

53.0 

4.8 

Synthetic riboflavin 

loO.O 

150.0 

Ewe’s milk 

41.2 

103.0 

20.6 

Normal milk 

5.1 ml/100 gm diet 

29.3 

27.1 

42.3 

60.6 

6.1 

Hiboflavin milk 

4,1 ml/100 gm diet 

29.3 

150.0 

42.8 

59.1 

5.4 

Synthetic riboflavin 

150.0 

150.0 

42.2 

89.5 

15.8 


‘ Data are averages. There were 6 rats in each group and the length of the 
feeding period was 3 weeks. 


except riboflavin is apparent from the good gains made hy 
the rats fed the diet supplemented with 150 pg of synthetic 
riboflavin per 100 gm of diet. The results for the milk from 
the 2 goats were in essential agreement. Therefore, to con- 
serve space the growdh data for milk from only goat no. 2 and 
ewe no. 1 are presented in table 2. 

The rats fed the milk from the goat on the basal diet and 
the milk collected during the period of riboflavin ingestion 
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made essontmlly the same rate of i-aiii. The average weekly 
gam of the rats receiving the diet containing tlie milk collected 
during the basal period was 5.S gni while the rats fed the diet 
con aiiiing the riboflavin milk gained an average of 4.8 gm 
per week ihe diets containing the ewe’s milk each provided 
- .3 Mg nboflavin per 100 gm according to the microbiological 
assay. By the fluoronietric method the diet containing the 
iiboflavin milk should have provided 179.2 gg of riboflavin 
per 100 gin Ihe average weekly gains for the 2 groups of 
la s veie . anc 5.4 gin, respectively, for the rats receiving 
tte diet containing the normal milk and the riboflavin milk. 

lom these data it is clear that the riboflavin measured fluoro- 

metrically above that measured niicrobiologicallv is not active 
tor the rat. 

It is of interest that the rats receiving the milk collected 
dunng the period of riboflavin feeding made slightly lower 
gams than the rats receiving the diets containing the niilk 
from the animals on the basal diet. The average weekly gain 
by the rats fed the normal milk from the second goat (not 
show m table 2) was 6.4 gm as compared with 4.8 gm by the 
rats fed the diet containing the milk collected during the 
period of nboflavm feeding, mile the data here are meager, 
the possibility that metabolites formed from riboflavin by the 
goat and sheep may have a depressing^ effect on growth of 
rats should not be overlooked. 


Urine 

The ingestion of riboflavin resulted in an increase of around 
3-fold as measured microbiologically in the level of riboflavin 
m the urine of the goats. The increase was of a smaller order 
for the ewes. The volume of urine voided by ewe no. 1 during 
the period of riboflavin ingestion was 940 ml per 24 hours as 
compared to 730 ml during the basal period. The daily ex- 
cretion of riboflavin by this animal was greater durino- the 
period of riboflavin feeding than during the basal period, but 
it does not show up on a ml basis due to the difference in 
volume of urine. 
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The mici-obiological %’alues on the urines collected during 
the basal period are in good agreement with the values ob- 
tained by the fluororaetric procedure after treating with 
K 4 In 04 and adsorbing on fiorisil. 

On the basis of microbiological assay the maximum recov- 
ery in the urine of the 2 gm ingested was 4.S mg. The average 
recovei’y in the urine of ingested riboflavin was 4.0 mg, 4.S 
and 2.9 mg, respectively, for goats 1, 2 and 3. The correspond- 
ing recoveries for the ewes were 1.0 and 2.8 mg for numbers 

TABLE 3 


Apparent riboflavin in the urine o/ sheep and goats, {Values in pg per inl.j 


AXIICAE. ^ 

DtETAEY 

TKE-VTifE^’T 

MXCBO- 

niou)OtcAn 


FLiroSOiCJlTlUC 

entreated 

IClfaO« 

lainOt plus 
florisil 

Goat no. 1 

Basal 

4.3 

5.1 

5.0 

4.6 

Goat no. 1 

Bxboflavin 

15.3 

156.0 

160.0 

107.0 

Goat no. 2 

Basal 

2.9 

5.0 

5.0 

3,6 

Goat no. 2 

Riboflavin 

7.8 

164.0 

143.8 

124.6 

Goat no. 3 

Basal 

4.0 

6.1 

6.1 

4.5 

Goat no. 3 

Riboflavin 

12.6 

147.0 

135.6 

136.0 

Sheep no. 1 

Basal 

7.2 

7.0 

6.0 

6.8 

Sheep no. 1 

Riboflavin 

6,7 

138.4 

124.0 

110.0 

Sheep no. 2 

Basal 

2.8 

3.7 

3.7 

2.7 

Sheep no. 2 

Riboflavin 

5.6 

98,0 

87.0 

73.0 


‘ The weights of the animals starting ^v'ith goat no. 1 and proceeding down 
the table were 50.0 kg, 43.6 kg, 47.7 kg, 64.5 kg and 50,9 kg. 


1 and 2. These data suggest that the riboflavin is rapidly- 
metabolized by the sheep and goat to compounds without 
biological activity. 

Following the ingestion of ribofla-vin tbe values obtained 
by the flnorometric procedure folio-wing treatment -with 
KiSinOi and adsorbing on florisil were from 7 to 16 times the 
values obtained by tbe microbiological assay. Adsorbing on 
florisil following treatment -with ISAInO^ -was more effective in 
removing non-rihoflavin fluorescent pigments than the 
KMnOi treatment only. From these data it is apparent that 
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comnomKh l!T- "f riljoliaviii, 

acti!uvirarl™'®i liiit not biological 

is secreted into tr “‘^“-'■ibollavin iluoroseent compound 

aetituv ftn ™"‘P"i"als will, out biological 

ibolomL rp',‘, ‘^r'n “ ttat the 

0 rdZll c I II in brolcen olt and that 

comno^Z Z ""■'''•'r is produced. This 

Wiether tlio ? , ^ inactive, but it is highly iluoroseent. 

tioi. roinaiiis to b^dJeZined." "" 

Effect of mgeslion of torse „wo„„h of ribo/laom bs rots 

te.’nlZN^hXr::;^ tt'Sthen' """ 1 ‘''• 

tF' r ? 

dZZiZifXerX 

the basis of body wei-ht was ann,-o^ on 

level ingested by “> 

On tliG basal diot the avora^’G rlnilxT’ 

•I n ■ ciciiiy uiiiiarv G'vcrGfioTi nf 

riboflavin as measured by the micrnhmlnn.; i ^ o^oietion or 

15.9 eg as compared with [ 4.7 

Mowing the ingestion ot 10 mg of riboflavin the averse 
daily urinary esoretion measured by the microbiological pZ 
eedure was 114.3 ng as compared to a value of 1.37 o^v by the 
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fluoroinetrie method. To anotlier group of 3 rats 20 mg of 
riboflavin were administered daily. This is about double the 
amount ingested by the sheep and goats per kg of body weight. 
On the basal diet the average daily riboflavin excretion was 
16.3 Mg and 19.4 Mg as measured by the microbiological and 
fluorometric methods, respectively. The corresponding figures 
during the period of riboflavin ingestion were 20S.4 and 223.4 
Mg of urinary riboflavin. The magnitude of the differences 
between the biological values and the fluorometric values is 
essentially the same for the urine from the rats on the basal 
diets as for the rats receiving the riboflavin. From these data 
it is apparent that the sheep and goat differ from the rat in 
their metabolism of riboflavin in that the rat does not form 
appreciable amounts of biologically inactive compounds that 
are measured by the fluorometric procedures for riboflavin. 

Observations on human beings 

The question whether man responds in a manner similar 
to the rat or the goat and sheep on the ingestion of relatively 
large amounts of riboflavin is of considerable interest. Should 
human beings metabolize ingested riboflavin in a manner 
similar to the goat and sheep, data on excretion studies may 
differ considerably depending on whether the analytical data 
were obtained by the microbiological method or fluorometric 
method. On the other hand, if man metabolizes ingested syn- 
thetic riboflavin in a manner similar to the rat, it would make 
no essential difference whether the riboflavin determinations 
were made by the fluorometric method or by the micro- 
biological method. 

For these studies 2 male adults were used. The urine was 
collected quantitatively for 2 days. Twenty mg of riboflavin 
in the form of tablets were ingested daily for the 3 succeeding 
days. The urine was collected on the second and third days of 
the period. The level of riboflavin intake was about 10 times 
the daily allowance recommended by the Food and Xutrition 
Boai'd (’45). 



452 


P. II. I'KAUSOX .VXD «. S. SCIIWEIGEKT 


There vvas no significant cUlTcrence in the riboflavin values 
obtained by the microbiological assay and the fluorometric 
method where the urine was treated with K^MnOi and adsorbed 
on florisil. Following the ingestion of riboflavin the urine of 
subject no, 1 contained 6.28 ng of riboflavin per ml as measured 
microbiologically and 6.47 pg by the fluorometric method. The 
corresponding values for the urine of subject no. 2 were 4.50 
Ug and 3.37 ug per ml by the microbiological and fluorometric 
procedures, respectively. 

From these data it is apparent that at the levels of I'iboflaviu 
that would normally be ingested by human beings, that com- 
parable results for riboflavin in the urine could be expected 
using either the microbiological or standard fluorometric 
procedures. 

SU1IM..VET 

The oral administration of large amounts of riboflavin to 
goats and sheep increased the true riboflavin content of the 
milk by only about 26%. Measured by the fluorometric pro- 
cedure the riboflavin values were for the milk approximately 
5 times greater than the values obtained by the micr'obiological 
method and for the urine the fluorometric values were about 
12 times higher. The riboflavin content of the milk as meas- 
ured by the microbiological assay agreed well with the growth 
response of rats fed the milk as a source of riboflavin. 

The microbiological and fluorometric values for the ribo- 
flavin content of the urine of rats were in good agreement even 
when massive doses of 10 or 20 mg of riboflavin were admin- 
istered daily. The microbiological and fluorometric values 
were in good agreement for urine from humans that had been 
fed 20 mg of riboflavin per day. 

Goats 'and sheep fed large amounts of riboflavin evidently 
fox’m a fluorescent compound that is measured by the fluoro- 
metric procedure for riboflavin. The unidentified compound 
secreted into the milk and excreted by the renal pathway is 
not biologically active. 
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SOiLE- STUDIES ON THE NUTBITIVE VALUE 
OF BUTTEB FATTY ACIDS' 


KlilCII IIBFTMAXN* 

Deptirtmvnt of JHochctnUtri/, Vnivcrsitp of }loch€^tcCi School of 
Jlcdidnc and Dcitthtr}/j Tlocheslcr, Y. 

(deceived for publication May 24, 1947) 

The effect of volatile fatty acids on the weig^ht gain of 
young rats was compared with that of other fatty acid frac- 
tions of butter fat by Schantz et al. (’40) and Brown and 
Bloor (’45). "While both investigations indicate a dietary 
inferiority of the short-chain fatty acids, their effect as part 
of butter fat is still doubtful. Schantz et al fed them mixed 
with corn oil and liquid skim milk, a diet which admittedly 
produces diarrhea (Hai-t, ’45), whereas Brown and Bloor 
gave them as part of a Sherman B diet. The latter worker’s 
also observed a laxative action and reduced the fatty acid 
content of the volatile fatty acid diet from the 10% level of 
the control diet to 6%. In the presence of lactose the satu- 
rated fatty acids of butter were found to he supei’ior to the 
rmsaturated fatty acids by Schantz et al., but not by Brown 
and Bloor. Considering the work of Henry et al. (’45), 
Henderson et al. (’45), Jack et al. (’45), and particulai’ly the 
recent discovery of the growth-promoting effect of vaecenic 
(^11.13 — octadeeenoic) acid in summer butter (Boer et ah, 
’47), one would expect the unsaturated rather than the 
saturated fatty acid fraction of butter to be more effective 
in promoting the weight gain of young rats. The effect of 

‘Vrom a thesis submitted in partial fulfillment of tlie re<jnirenicnts for the 
degree of Doctor of Plulosopb.v. 

'Present address: tr, S. Public He.alth Service, Diabetes Section, Xew England 
Deaconess Hospital, Boston, Hass. 
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uusaturntioii as such is by no means clearly establislicd, since 
the fatty acid composition of butter underwent some altei’a- 
tiou in the feeding experiments thus far reported. The amount 
and coiieeutration of vitamin A .stored in the livers of vats 
given raw carrots has also been rejiorted to vary with the 
naturo of the dietary fatty acids (Brown and Bloor, ’45). 
On an average, rats fed unsaturatod fatty acids stored more 
and higher concentrations of vitamin A than those on a 
saturated fatty acid diet. Whether this olfect operates on 
the conversion of carotene to vitamin A can be elucidated 
by feeding prefoi’ined vitamin A instead of carotene. 

EXPKIUMEXT 1 

Three groups of rats were given, respectively, butter fatty 
acids, their non-volatile portion, and hydrogenated butter 
fatty acids. The fatty acids of butter Avere prepared as fol- 
lows: 5 pounds of butter, bought on the local market, were 
melted on the steam-bath and then alloAved to solidify in a 
beaker in the ice-chest. The aqueous phase was drained off 
after puncturing the fat cake. The butter fat was washed 
with water in the molten state and again separated from Avater 
as before. This Avas repeated once more. Saponification Avas 
carried out by refluxing the fat on a steam-bath for 2 hours 
Avith 8 liters of 10% KOH in 95% methanol in a round bottom 
flask. At the end of this period the flask Avas converted into 
a continuous liquid extractor of the type described by Hil- 
diteh (’40). The extraction of the non-saponifiable matter 
Avith loAV-boiling petroleum ether Avas continued until the soaps 
gave a negative Carr-Price test. This took about 10 hours. 
The soap solution Avas then transferred to a 5-gallon bottle, 
cooled bj^ adding chopped ice, and acidified to Congo Eed 
paper Avith HCl. Ether Avas added, the bottle stoppered and 
laid on its side. To mix its contents the bottle Avas rolled back 
and forth, then put in an upright position and alloAved to 
stand until the ether separated out. The other solution of fath' 
acids Avas syphoned off into another 5-gallon bottle. After 
repeated exti-action of the fatty acids Avith ether, the com- 
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biiiocl other extracts were washed with a small amount of 
water to remove most of tlie alcohol, then dried overnii^ht 
with calcium chloride. The solvent was removed from the 
fatty acids by vacuum distillation. This resulted in 1220 gm 
of fatty acids with an average molecular weight (determined 
by titration) of 251.0 and an iodine value (Wijs’ method) of 
59.1. The product was divided into 3 portions. ■ 

A 400-gm portion of butter fatty acids was steam distilled 
for 5V hours, at which time about 5 liters of distillate had 
collected in the receiver. The residue was allowed to solidify 
in the ice-box. The cake of fattA' acids Avas separated from 
the AAater phase and dissoh^ed in petroleum ether. To this 
solution a petroleum ether extract of the Avater phase Avas 
added. After diying and eAmiDoration as before, 361 gm 
of non-volatile fatty acids remained. Their aA*erage molecular 
Aveight was 264.4. 

Another 400-gm portion of the original fatty acids was 
introduced into a high pressure hydrogenation bomb in the 
dry, molten state, together Avith about 5 gm Eaney nickel 
catalyst. The hydrogenation AAms carried out in the absence 
of solvents at 2200 lbs. and loO°C. with agitation for 2 hours. 
To remoA'e the catalyst the hydrogenated fattj’- acids Avere 
dissolved in petroleum ether and shaken with fairly concen- 
trated hydrochloric acid. The petroleum ether solution Avas 
then Avashed with Avater, dried, and evaporated. The iodine 
value of the hydrogenated product Avas 40.6. 

The diets used Avere similar to those emploj^ed by BroAcn 
and Bloor (’45). The Sbeiman B diet was modified in such 
a Avay that the fatty acids under investigation constituted the 
fat component to the extent of 9.976 of the diet. Three rations 
were prepared containing, respectively, the original butter 
fatty acids, the non-A'olatile fatty acids, and the partialh’ 
hydrogenated fatty acids. Diets were prepared in 1 kg batches 
by kneading the molten fatty acids into the mixture of Avhole 
wheat flour, skim milk powder, and salt. Eats were fed as 
much as they Avould consume AAuthin a 2-day period, the 
remainder of the food being stored in the ice-box. 
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Thirty albino rats ol" the Wistar strain, 15 male and 15 
female, 23-24 days old, Averc distributed as equally as possible 
with respect to sex, age, litter, and weight over the 3 experi- 
mental groups. Although no special precautions were taken 
to prevent rats from spilling their food, the use of heavj’, 
deep cups, only half full of diet, permitted a good rough 
estimate of the relative weekly food consumption per gx’oup 
of males and females, because the ainonnt of food spilled Avas 
.stnall and about equal. The rats were weighed weekly and 
their gains recorded. 

Desynon,'' a solution containing 500 [T.S.P. units vitamin A 
and 50 IT.S.P, units vitamin D,., in 90% alcohol per drop, was 
imed as a source of vitamins A and D. The solution was 
diluted 5 times with milk. Each rat received a drop of this 
preparation, i.e., 100 units vitamin A and 10 units vitamin D 
on the day the experiment was started and every Aveek there- 
after, except on the last day of the experiment. Solutions of 
Desynon in milk Avere prepared immediately before use and 
fed liy means of the special dropper supplied AA’ith the product. 
Due to gradual deterioration the vitamin A content of 
Desynon fell to such an extent that the animals received only 
al)out half of the initial dose by the end of the experiment. 
>Vt the end of the fifth Aveek the rats Avere killed by illumina- 
ting gas, and their livers examined for vitamin A by the 
methods of jMcCoord and Luce-Clausen ( ’34) and Clausen 
e( al. (’42). No appreciable amounts of vitamin A could be 
detected. 

Table 1 summarizes the results of the first experiment. The 
mean Aveight gains since the start of the experiment together 
Avith their standard errors, the Aveekly food consumption, and 
the efficiency of food conversion, expressed as the percentage 
by Aveight of food converted into body substance are given for 
each week. The effect of Amlatile fatty acids on weiaht gain 
AA’as evaluated by calcidating Fisher’s “t” for the difference 
lietAveen the mean Aveight gains of male and female rats on 
the diet of the original and of the non-volatile fatty acids. 

’AVuitlirop Chemical Co., lac. 
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This gave the following “t” values for the 5 consecutive 
weeks of the experiment : ?\[ales : 1.1, 1.1, 2.0, 1.5, l.l; Females : 
0.6, 0.5, 0.3, 1.4, l.G. The corresponding probability values, 
taken from Fisher’s table (Fisher, ’38) are: ^lales: 0.3, 0.3, 
0.1-0.05, 0.2-0.1, 0.2-0.1; Females: 0.6-0.5, 0.6, 0.8-0.7, 0.2 
0.2-0.1. Eegarding any probability level below the conven- 
tional 0.05 as significant, it is evident that there is no sig- 
nificant difference between the weight gain of males or females 

TABLE 1 


Weight gains, food consumption, and efficiency of food conversion of rnts 
on diets containing various butter fatty acids. 



NVKI-K 

NOX-YOL.VTILK 
VATTT ACm-> 

OR.mrsAO 

TATTY agios 

PARTOV 

JITDCOOEXATin 
FATTY \CII)5 


0 

cf 

0 

cT 

9 

Cumulative 

1 

22 db 3 

18 2 

24 3 

17 ±3 

11 :+:2 

17 2 

mean weight 

•s 

46 ±3 

39:i:3 

48:+: 2 

37 ± 7 

37:t 6 

39:d:7 

gains in gm 

3 

70 d: 4 

59 ± 7 

75 di 3 

57 It 10 

54 :+: 10 

57 ±: 0 


4 

94:h2 

75 7 

98 d: 5 

67:h:S 

69 :+:17 

73:+: 4 


o 

20dh3 

89 ±S 

124 ±5 

SO ±8 

88d:26 

89 n 2 

Mean weekly 

1 

45 

45 

51 

44 

44 

48 

food con- 

2 

62 

61 

66 

56 

60 

58 

sumption 

3 

70 

64 

72 

62 

61 

63 

per rat, gin 

4 

75 

68 

74 

60 

62 

63 


5 

82 

71 

84 

60 

6S 

63 

Mean effi- 

1 

49 

40 

47 

39 

25 

35 

ciency of 

o 

39 

34 

36 

36 

43 

38 

food con- 

3 

34 

31 

38 

32 

28 

29 

version 

4 

32 

24 

31 

17 

24 

25 


5 

32 

20 

El 

22 

28 

25 


fed the original butter fatty acids and those fed the non- 
volatile portion of these acids. 

The effect of hydrogenation of the dietary fatty acids on 
weight gain was similarly evaluated by calculkion of Fisher’s 
‘'t” for the difference between the mean weight gains of males 
and females on the original and on the hydrogenated fatty 
acid diet. The following “t” values were obtained- Males- 
7.8, 3.5, 4.1, 3.2, 2.8; Females: 0, 0.4, 0, 1.3, 2.1. The correspond- 
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uig pvol)al)ility valuos aro: ^falos: <0.01, <0.01, <0.01, 
0.02-0.01, 0.02 j Females: > 0.9, > 0.9, > 0.9, 0.3-0.2, 0.1-0.05. 
This means tliat the weight gain of male.s, but not of females, 
is significantly lower on a diet containing' inirtially hydro- 
genated fatty acids than on the original batter fatty acid diet. 

The figures on food consumption and conversion indicate 
that the efficiency usually falls off with time, and that it i.s 
usually lower for females than for males of the same group. 
Some, though inconsistent, diiTerences appear between the 
males fed partially hydrogenated and tlie original butter 
fatty acids. Hydrogenation seems to have reduced the food 
utilization of the males, sometimes even below that of the 
females of the same group. 


EXPERI.UE.N'T 2 

In order to determine the effect of complete h^'drogojiation 
of the dietar}’- butter fatty acids on Aveight gain and vitamin A 
storage a similar experiment was set up witli completely 
hydrogenated fatty acids and larger vitamin supplements. 
The method of preparation and purification of the fatty acids 
of butter was the same as that described under experiment 1. 
About half of the fatty acids Avere hydrogenated at 1950 lbs. 
and 150°C. in the presence of about 7 gm Raney nickel and 
100 ml absolute alcohol Avith agitation for 8 hours. This time 
the iodine value of the fatty acids dropped to 1.1 after hydi'o- 
genation. Taa'o diets AV'ere prepared, 1 containing the original 
fatty acids of butter, the other their hydrogenated counter- 
part. TAA'enty Wistar rats, 10 male and 10 female, all 29 days 
old, AA^ere evenly distributed over the 2 groups. The Desynon 
solution AA'as analyzed Aveekly for A'itamin A by oA’apoi'ating 
an aliquot portion of a drop in a colorimeter tube, dissol\dng 
it in purified (McCoord and Luce-Clausen, ’34) chloroform, 
and then folloAving the procedure of Clausen et al. (’42). In- 
stead of milk, glycerol Avas used to reduce the strength of the 
alcohol in Desynon. j\rixtures of 2 parts of glycerol and 
1 part of Desynon Avere given by dropper in such amounts 
that the rats received about 300 units vitamin A at the start 
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of the expei'inieut uud 1 week thereafter, 400 units at the end 
of the second week, 500 units at tlie end of the third week, 
and 600 units at the end of the fourth week. The number of 
units of vitamin D given was about one-tenth that of vitamin 
A. All rats were killed at the end of the fifth week and their 
livers analyzed for vitamin A by the method previously men- 
tioned. 

taiua: u 

Weight guinSy food ua/I c;jici(.nc>/ of food cyan r.sto/t of nit^ 

oil diets containing unchanged and complctclg hgdrogeiuited 
hiitfcr fattg acids. 



\\ V.V K 

onror.v 

mUUCKlf^N'VTfP 


o 

d 

o 

Cumulative mean 

1 

20 ± 4 

14:ii2 

21 ±4 

16:1:2 

weight gains, in 

o 

46 i: 7 

34 ± 5 

46 ±4 

^7 ±4 

gm 


73 ± 12 

o3±6 

67 rh 4 

53 5 


4 

98 It 16 

67 ± 2 

91dt7 

60 ±: 4 


o 

121 ± 21 

75 db 4 

no :i:7 

77 dt 5 

^icau weekly food 

1 

55 

52 

64 

54 

consumption, in 

2 

71 

61 

72 

66 

gm 


SG 

67 

S2 

71 


4 

88 

70 

S3 

74 


5 

100 

69 

87 

74 

Mean efiicieuey 

1 

3G 

27 

33 

30 

of food con- 

2 

37 

33 

3o 

32 

version 

o 

31 

28 

26 

23 


4 

28 

20 

29 

22 


5 

23 

12 

22 

11 


The results of the second experiment are summarized in 
tables 2 and 3. Statistical evaluation of the weight differences 
between rats fed the original and the completely hydrogenated 
butter fatty acids by Fisher’s “t” test gave for males: 
0.4, 0, 1.0, 0.8, 1.0, and for females: 1.4, 1.0, 0, 0.8, 0.7. Cor- 
responding P values are, for males : 0.7, > 0.9, 0.4-0.3 0.5- 
0.4, O.A-0.3, and for females : 0.2, 0.4~0.3, > 0.9, 0.5-0.4, 0.5. 
Thus, there was no significant difference between the wei«‘ht 
gain of rats receiving the original butter fatfy acids and tho.se 
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fed tlie completely liydrogenalecl fatly acids. The efliciency 
of food conversion can again be seen to fall oiT with time. 
Tt is smaller for females than for males, but tliere is no 
appreciable diiference between the 2 groups in that respect. 

Table 3 gives the mean vitamin A concentrations in I.Il./ 
100 gm of wet liver, the mean amount of vitamin A stored in 
the livers of each of the 2 groups of male and female rats used 
in experiment 2, and the .standard errors of the means. Evalu- 
ation of the diiference between moan vilamin A concentrations 
of the 2 groups by Fisher’s “t” test gave 0.9 for males, and 
0.8 for females. This corresponds to probal)ility values of 


T.\ULE ;! 

.1 j/t the livcr.'t of niN on unchanged, 

and completely hydrogenated hut ter fatty acids. 




Mt-W CONCKNTIIVTION* 

IN 1 U / lOO OM 

W LT TIS.'iUK 

MH\N AMOUNT 
IN i.r. 

Orjj^inal 

F 

2201 ± 390 
uS23 ± 1310 

224 20 

403 ± 04 

Completely 

hydrogenatetl 

M 

F 

.18.18 ± G53 

6307 ± 1200 

170 ± 55 

303 ± 103 


0.4 and 0.i5-0.4 for males and females, respectively. Differ- 
ences between mean amounts yielded “t” values of 1.6 and 
1.5, and P values of 0.2-0.1 and 0.2-0.1 for males and females 
in the order given. Thus, there was no significant difference 
between the amounts or concentrations of vitamin A in the 
livers of either male or female rats, regardless of whether 
the fatty acids of butter were fed in their original or com- 
pletely hydrogenated form. Females of both gi-oups stored 
about twice as much vitamin A as males of both groups. 

DISCUSSION 

If the increased weight gain is the criterion chosen as a 
measure of nutritive value, the ad lihihm method of feeding- 
should be of greater practical value that the paired feeding 
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teclinique (Boutwell et al., ’41). Food found superior by the 
ad libitum method might owe its growth-promoting effect to 
greater palatability or stimulation of the appetite or some 
other incidental properties, but in any case increased growth 
response will indicate a supex'iority in some practically rele- 
vant respect. 

Steam distillation strips the butter fatty acids of those of 
low molecular weight, as shown by an increase in the mole- 
cular weight. By comparing rat growth on a fatty acid 
supplement lacking the volatile fatty acids with that on an 
equal quantity of the untreated fatty acids of butter the 
effect of the volatile fraction can be detenuined. The chief 
advantages of this method may be stated as follows: (1) No 
I'eduction in fat intake (Brown and Bloor, ’45) is necessary, 
since such a regimen does not produce diari-hea. (2) Other 
fats need not be added to equalize the fat intake without 
increasing the proportion of volatile fatty acids (Schantz 
etal., ’40). (3) The volatile fatty acids are diluted by the spe- 
cific amount and proportion of the other naturally occurring 
fatty acids, increasing the practical significance of the results. 
The results indicate that the volatile fatty acids, as they 
naturally occur in butter fat, have no particular influence on 
growth or efficiency of food utilization. The harmful effect of 
these fatty acids, observed by Schantz et al. and by Brown and 
Bloor, must be ascribed to the absence of the other butter fatty 
acids from their diets. On the other hand, the more flavorful 
short-chain fatty acids did not appreciably increase appetite 
and food consumption of weanling rats. Hilditch and Jasper- 
son (’42) found 2 changes to occur in the fatty acid com- 
position of butter when the diet of mdch cows is changed from 
hay to fresh grass, namely, reduction of the percentage of 
volatile fatty acids, and an increase in the amount of oleic acid. 
The growth-promoting effect of summer butter now apnears to 
be due not to the foi-mer change, as has been suggested by 
them, but to the increase in the oleic acid fraction, which 
also contains vaccenic acid. ’ 
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It ac'onis diflicult to reconcile the postulate of a growth- 
promoting saturated fatty acid with the finding that the 
luisaturated fatty acid vaccenic acid has growth-promot- 
ing activity. An attempt was made to test both conten- 
tions by feeding the hydrogenated fatty acids of butter and 
comparing their influence' on growth with that of untreated 
butter fatty acids. In such an experiment unsaturation is 
the only variable — the composition of the fatty acid mixture 
remains unchanged. In the first e.xperiment on the effect of 
hydrogenation on the growth-promoting value of the fatty 
acids of butter the iodine value of the fatty acids was lowered 
from 59.1 to 40.6. The growth of male rats on the imrtially 
hydrogenated fatty acid diet was definitely inferior to that 
of their litter-mates on untreated fatty acids, and their 
efficiency in converting food into body substance was some- 
what reduced. In the second experiment, however, when the 
fatty acids were for all practical purposes completely hydro- 
genated, there was no dilference in weight gain or in the 
efficiency of food conversion between animals of both sexes 
on hydrogenated and untreated fatty acids. Since rats grew 
as well on completely hydrogenated fatty acids as on the 
original fatty acids of an iodine value of about 60, unsatura- 
tion clearly could not have been the sole factor in determining 
the growth rate in experiment 1. Except for the iodine value 
of the hydrogenated fatty acids the diet of the animals in 
experiment 1 differed from that used in experiment 2 in 1 
imiDortant respect. In experiment 1 each rat received weekly 
from 50 to 100 units of vitamin A and about 10 units of 
vitamin D. In the course of the whole exiaeriment a rat could 
not have received more than 500 units of vitamin A and 50 
units vitamin D. But the total amount of vitamin A consumed 
per rat in the second experiment was around 2000 units, to- 
gether with about 200 units vitamin D. It is conceivable that 
the reduction of the unsaturated growth-factor of Boer et al. 
(’47), namely vaccenic acid, or of unsaturated fatty acids in 
general by partial hydrogenation had a deleterious effect on 
i‘at growth by lowering the efficiency of food conversion only 
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when the vitamiu intake was relatively low, but not wlien a 
more generous vitamin supplement was given. Boev and 
Jansen (’42) have also observed that upon addition of vita- 
min D (but not A) to winter butter the ditferenee in response 
between summer and winter butter disappears, while addi- 
tion of vitamin B to summer butter is without etYect, By the 
same token partial hydrogenation in experiment 1 had a 
greater effect when the vitamin supply in the diet was rela- 
tiveh' scanty, than complete hydrogenation in experiment 2 
where higher doses of vitamin D offset the removal of un- 
saturated material. 

It is interesting to note that Boer and Jansen ( ’42) as well 
as Brown and Bloor (’45) used only male rats. Female rats 
may have the ability to synthesize unsaturated fatty acids 
more efficiently than males, or else they may use their supply 
of fat-soluble vitamins more economically, as evidenced by 
the gi-eater storage of vitamin A in the livers of females. 
Sex differences in the metabolism of lipids or lipid-soluble 
vitamins are not at all unusual. 

Hydrogenation of butter fatty acids has either no effect on 
their growth-promoting value or else it reduces it. In the 
absence of other fats hydrogenation does not improve growth, 
even in the presence of relatively large amounts of lactose 
from the skim milk powder in the Sbennan B diet. It seems 
unlikely therefore that butter owes its growth-promoting 
effect to a saturated fatty acid. 

Desynou was chosen as a source of vitamins A and D so 
that each rat could be given an identical, approximately 
known vitamin supplement without using a carrier oil which 
might influence the absorption of fat-soluble vitamins. The 
fatty acids used were free of vitamin A and carotene. The 
stored vitamin of all livers was therefore derived from an 
equal amount of prefoimed dietaiy vitamin A, and any dif- 
ference in storage should be expected to he due to differonces 
in vitamin A metabolism. As there was no significant dif- 
ference behvoen the amount or concentration of vitamin A 
stored in the livers of animals receiving either butter fatty 
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acids 01 ' their completely hydrogenated counterpart, it is not 
considered likely that unsaturated fatty acids in general or 
a specific unsaturated fatty acid present in butter fat have a 
specific influence on the absorption and storage of vitamin A. 
This does not preclude the possibility that they may in some 
way otYect the utilization of carotene. 

SUATIIABY 

1. There was no statistically significant difference in weight 
gain or eflieiency of food conversion during a 5-week period 
between 2 groups of 10 young rats (5 males and 5 females) 
each, regardless of whether the fat component of a Sherman 
B diet was made up of the fatty acids of butter or the same 
fatty acids, stripped of their low molecular weight fraction 
by steam-distillation. 

2. In a similar experiment a significant difference in weight 
gain and some difference in the efficiency of food conversion 
was observed when the effect of butter fatty acids as part of 
the Sherman B diet was compared Avith that of the partially 
hydrogenated fatty acids. Weight gain and efficiency of food 
utilization were decreased only in the male rats of the group 
fed the hydrogenated fatty acids, and only when tlie intake 
of vitamins A and D was relatively low. 

3. The amount and concentration of vitamin A stored in 
the livers of rats fed preformed vitamin A was not sig- 
nificantly affected by complete hydrogenation of the butter 
fatty acids in the diet. 
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established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The i-eeipient 
of this Award will be chosen by a Committee of Judges of 
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tion will be made at the annual meeting of the Institute in the 
Spring of 1948. 
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cliiiical research worker in the United States or Canada who, 
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scientific report dealing with the field of the ‘B-complex’ vita- 
mins. IVIiile the award will be given primarily for publication 
of specific papers, the judges are given considerable latitude 
in the exercise of their function. If in their judgment circum- 
stances and justice so dictate, it may be recommended that 
the award be made to a worker for valuable contributions over 
an extended period but not necessarily representative of a 
given year. ^lembership in the American Institute of Nutri- 
tion is not a requisite of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1947 must be in the 
hands of the Nominating Committee by January 10, 1948. The 
nominations .should be accompanied by such data relative to 
the nominee and his reseai-ch as will facilitate the task of the 
Committee of Judges in its consideration of the nomination. 
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SELF SELECTION OP DIET 

VI. THE XATTTEE OP APPETITES FOR B ITTAHIXS ^ 

E. M. SCOTT AXD ETHEL L. VERNEE 
Depart iwent of Chemistry, Vniversity of Dittshurgh, Pennsylvania 

OXE FIGURE 

(Received for publication June 6, 1947) 

It vas sliovu in a previous paper tliat appetites for diets 
containing thiamine, riboflavin, or pyi'idoxine were developed 
by rats previously fed diets deficient, respectively, in these 
vitamins, while normal animals showed no such preferences 
(Scott and Quint, ’46b). It was concluded that appetites 
for these vitamins were related to nutritional need for them, 
and thus that they were either learned appetites or true 
hungers. As one of the principal differences between learned 
appetites and true hungers it was postulated that learned 
appetites for nutritional essentials require the animal to have 
previous experience of the efl’ects of the beneficial diet, in 
order to leam to associate such effects with the diet, while 
true hungers are always coexistent with nutritional need and 
should require no learning process. Harris et al. (’33) con- 
cluded that the appetite for thiamine was learned as a result 
of beneficial experience. This appeared probable since rats 
which had previously been on a thiamine-deficient diet and 
had then formed the habit of eating a food of a particular 
flavor containing thiamine, showed no appetite for thiamine in 
food of a different flavor. 

The present report outlines a method of determinin'' 
whether an appetite such as that observed in these researches 

•Contribution no. 039 from the Department of ChcmLtrVj Eniiersitv of Pitts- 
burgli. .\iilea br grants of the Xutrition Foundation, Ine., and the Buhl Ponn- 


4'1 


472 


K. .At. SCOTT .VXD KTUKD L. VKItXEV 


is learned, i.e,, is a boluivioi- conditioned by previous exper- 
iences, or represents a true hunger. The method was applied 
to the appetites for thiamine, riboflavin, and pyridoxine, witli 
the result of showing their essential similarity as learned 
appetites. 


K.\'PEJU.MB.VT.vn 

To decide whether the Autamin appetites were learned or 
whether they wore true hungers, adA'antage Avas taken of the 
fact that establishment of a learned appetite for a A'itamin 
may conceiA'ably result in an association of beneficial effect 
of the A’itamin Avith some recognizable physical characteristic 
of the diet, AA'hile a true vitamin hunger should be an appetite 
for the A'itamin itself, regardless of phy.sical characteristics 
of the food. 

The general plan of the experiments Avas to alloAV deficient 
animals their choice of 2 diets of distinctly different tlaA'ors, 
A (anise) and 0 (liiitiaA’ored). The A flavored diet contained 
the Autamin, the 0 flaA’ored diet contained none. After a feAV 
days the choices Avere changed so that the A flavored diet 
contained no A-itamin but the 0 flavored diet did. If the 
animals continued to eat the A fhiA’ored diet Avhen it noAV no 
longer contained vitamin, then the appetite Avas learned as 
defined by Harris et al. (’33), but if they uoav ate the 0 diet, 
the result was eAudenee of a true hunger. 

In practice, this simple scheme Avas considerably modified 
to eliminate several possible A'ariables: (1) Andie avc have as 
yet found no sex differences in self selection behavior, these 
possible differences Avere eliminated by diAdding the animals 
according to sex as evenly as possible. (2) Although i^revious 
experiments (Scott and Quint, ’46a) had indicated that there 
Avas no appetite in rats for anise flaAmr, this possibility Avas 
eliminated by giving the vitamin-containing food to half the 
animals as a choice accompanied by flavor and to the other 
half unaccompanied by flavor at the start of the exiDerimental 
period. (3) The same experiments had indicated that there 
AA-as no effect of previous diet on appetite for anise. This pos- 
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sibility was eliininatecl, liowever, by feeding Imlf the deficient 
animals an anise-flavored, vitamin-free diet and tbe otber 
half an unflavored vitaniin-free diet in the control period and 
by feeding half the normal animals a flavored vitamin-con- 
taining diet and the other half a similar diet but unflavored in 
the control period. (4) The flavor was changed vitli respect 
to the vitamin not once but 3 times. This gave additional 
data, particularly with respect to the extent and persistence 
of the learned eating process. (5) A group of nomal animahs 
was included in the experiment to serve as controls, and thus 
demonstrate clearly the eifeet of deficiency on the results. 
(6) The data obtained with all deficient animals were averaged 
as were the data with all noi'mal animals. This resulted in the 
cancellation of the effects, if any, of sex, flavor, and previous 
diet as such, and allowed the uncomplicated estimation of the 
effect of deficiency in influencing association of some properh* 
of the vitamin with flavor of the food. 

In each of 3 experiments, with thiamine, riboflavin, and 
pyridoxine, respectively, 10 male and 10 female weanling rats 
were therefore divided into 4 gi-oups. Each group was fed 
during a 3-week control period 1 of the following diets in both 
of 2 cups: (1) standard diet,- (2) standard diet plus flavor, 
(3) standard diet plus vitamin, (4) standard diet plus vitamin 
plus flavor. Other vitamins were fed separately as piUs.’* 
During this S-week period, the cups were alternated in a pre- 
determined random manner, and the amount of food eaten 
from each cup was recorded daily. At the end of the period, 

-The standard diet consisted of 24% ‘‘Laheo vitajnin-f ree ’ * casein^ 10% 
“Primex," 62% sucrose, and 4% salt mixture (Jones and I'oster, H2). Flavored 
diets contained 10 p.p.m. oil of anise. Vitamin-containing diets contained 5 f^g/gm 
vitamin in the case of thiamine and pyridoxine, and 10 jttg/gm in the case of 
liboflavin, 

*One pill ^vas given each rat daily. It contained approximately: 60A«g thiamine 
hydrochloride, 120 ^ug ribodavin, 00 ^g pyridoxine hydrochloride, 150 tig calcium 
pantothenate, 10 mg choline chloride, 1 mg a-tocopherol, and 55 I.tr. vitamin A, 
and 11 I.tr. vitamin T> as 0.001 ml Xatola, all in a dextrin-powdered sugar base- 
In the thiamine experiment, thiamine iras omitted from the pills; in the ribo- 
flavin experiment, riboflarin was omitted; in the pyridoxine experiment this 
\itamm was omitted. 
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]ialf of the animals were sutfering from severe vitamizi defi- 
ciency while the other half were considered to be normal. 

The 3-weeIc experimental period was broken into 4 parts, 
diu’ing which half of the deficient animals received choices 
.shown in column (1) of table 1 and half received the choices 
.shouTi in column (2). Similarly, half of the normal animals 
received the choices in column (1) and half those in column 
(2). The cups were alternated as before and the amount of 
food eaten from each cup recorded daily. 


TABLE 1 

riau of txperimcntal periodn 



LENOTJJ OK 


CHOICES 


DAYS 

(1) 


First 

5 

Unllavorcd^ no vitamin; 
flavored, 

vitamin-containing 

Flavored, no vitamin; 
unflavored, 
vitamin-containing 

Second 

5 

Flavored, no vitamin; 
unflnvorcd, 
vitamin-containing 

Unflavored, no vitamin; 
flavored, 

vitamin-containing 

Tliird 

5 

Same as first period 

Same as first period 

Fourth 

6 

Same ns second period 

Same as second period 


RESULTS 

As was anticipated from previous experiments, at the start 
of the experimental period in all 3 experiments the deficient 
animals ate the vitamin-containing- diet primarily, while the 
normal animals showed little preference. In the second part 
of the experimental period, the deficient animals ate chiefly 
of the vitamin-free diet, which was now flavored the same as 
the vitamin-containing diet had been in the first part of the 
experimental period. Normal animals for the most part again 
shoAved little distinctive preference. In the third part, choice 
Avas similar to AA^hat it had been in the first jDart, Avhile in 
the last part, the results Avere variable. 

The data are presented in tables 2 and 3, Avhile the marked 
alternation of the amount of vitamin-containing diet eaten 
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TABLE 8 

Detailed anabji^is of experimental jicnoiL 
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by deficient animals with change in flavor is shovna in figure 1. 
It should he noted from table 3 that the deficient animals 
failed to gain as much -weight during the second part of the 
experimental period "when their choice of diet -with respect to 
the vitamin -was poor as they did during the first and third 
pai-ts -when they ate primarily the vitamin-containing diets. 
From table 2 it is seen that the deficient animals had sig- 
nificant tendencies both to eat that diet, flavored or unflavored, 
-which had contained the %-itamin at the start of the experi- 
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Fig. 1 Effect of alternation of flavor on appetite for vitamin-containing foods. 
Flavor was alternated vrith respect to the vitamin between eaeli part of the 
experimental period. Preference (positive) or avoidance (negative) ivaa cal- 
culated as per cent eaten of vitamin-containing food minus 50. Solid bars — 
average of 10 deficient animals; open bars — average of 10 normal animals. 


mental period, and to eat more of the vitamin-coutaining diet 
than of the vitamin-free diet. Further analysis of the data 
indicated that there -was no preference or avoidance of anise 
flavor as such and that there -n’ere no evident sex differences 
in eating behavior. 


DISCUSSIOX 

The alternation in amount eaten of vitamin-containing diet 
with change in flavor sho-wn by deficient animals in figure 1 
and the significant tendency of these animals to eat more of 
the diet of that flavor originally associated -with the vitamin, 
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are proof of an association by tbe cleticiont animals of some 
delieiency-relieving quality of the vitamin with flavor or lack 
of it. This association must have involved a learning process, 
since flavor or lack of it was an artificial, not an inherent, 
characteristic of the vitamin. Thus, the appetites shown by 
rats for thiamine, riboflavin, and pyridoxine appeared to be 
learned appetites as proposed by Ilarri.s et al. (’33), and 
not true hungers. Harris concluded that the production of a 
feeling of well-being in the deficient animal was that quality 
of tbe vitamin-containing diet which was responsible for the 
animals’ choice. This was, of course, an assumption, since one 
cannot easily determine what a rat feels. No other explana- 
tion seemed probable, however. 

As is evident from figure 1, the tendency of the deficient 
animals to eat more of the vitamin-containing diet than of the 
vitamin-free diet during the experimental period as a whole 
was caused by incomplete change from the vitamin-containing 
diet to tbe vitamin-free diet Avhen the flavors were swtched 
after the first and third parts of the experimental period. 
The rats did not eat the vitamin-free diet to as great an extent 
nor for as long in the second and fourth 5-day periods as 
they had eaten the vfitamin-containing diet in the 2 previous 
5-day periods. This was not primarily due to an association 
of the effects of the vitamin with something other than flavor 
(e.g., flavor of the vitamin itself), because the eating behavior 
of only 3 out of the 30 deficient animals used in these ex- 
periments could possibly be interpreted in this light (i.e., 
only 3 animals did not exhibit at least a slight tendency to 
associate the vitamin with flavor or lack of it). Nor was it due to 
a relearning process, in which the vitamin became associated 
with the new flavor in the second and fourth periods, because 
when the original choices were offered in the third part of 
the experimental period, the preferences for the vitamin- 
containing diet were as strong as or stronger than in the first 
part. 

The explanation was to be found primarily then in lack of 
stimulus to eat the vitamin-free diet. There must be 2 reasons 
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wliy deficient animals in the usual experiment continue to have 
an appetite for the vitamin-containing diets. One is that a 
stimulus to eat it (presumably the derived feeling of well- 
being) exists over a period of time ; and in these experiments 
it must have existed over a period of at least 15 days. The 
other is that a habit is set up which makes customaiy the 
eating of a diet with a particular recognizable physical char- 
acteristic — in this case, flavor, or lack of it. A clear explan- 
ation of our results is then possible. During the first and third 
parts of the experimental period, both stimulus and habit 
contrived toward the eating of the vitamin-containing diet, 
but during the second and fourth parts habit exerted its in- 
fluence in favoring choosing of the vitamin-free diet but 
stimulus was lacking. Consequently, the shift from vitamin- 
containing to vitamin-free diets when flavor was switched the 
first and third times was incomplete. 

It has been found in 2 experiments on riboflavin deficiency, 
1 of which is reported here, that animals previously receiving 
riboflavin have a slight but definite appetite for riboflavin. 
This appetite was significantly less obvious than that found in 
animals previously fed a diet deficient in riboflavin, and it 
was not apparent in our fii'st published experiment on ribo- 
flavin (Scott and Quint, ’46b). This appetite accounts for the 
unusual behavior of the normal group in the riboflavin ex- 
periment when compared with the nonual groups in the 
thiamine and pyi’idoxine experiments. During the second and 
third parts of the experimental period, the normal animals 
preferred the riboflavin-containing diet to a certain extent, but 
there was no evidence of an association by this group of pref- 
erence for riboflavin with flavor. 

SUiliUET 

The data obtained in these experiments are interpreted 
as meaning that the appetites for thiamine, riboflavin, and 
pyridoxine shown by animals previously fed diets deficient, 
respectively, in these vitamins are learned, probably as a 
result of beneficial experience. It is suggested that in the 



480 


E. ^t. SCOTT AND ETIIEE L. VEIIXEY 


usual experimcMit, deficient animals continue to eat a vitainin- 
eontaininij diet for 2 reasons: (1) A liabit is set up involving 
association of a feeling of Avell-being •with some cliaracteristic 
of tbe diet; and (2) a stimulus to eat the diet, presumably 
the derived feeling of well-being, persists over a considerable 
Ijeriod of time. Animals previously fed a diet containing 
riboflavin showed a slight but definite px’eference for a ribo- 
flavin-containing diet. 
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The association of corneal vascularization in man with 
nutritional deficiencies has led to a study of this phenomenon 
in experimental animals. Among the various deficiencies 
which will result in comeal vascularization in the rat are pro- 
tein deprivation (Hall et ah, ’46) and deficiencies of lysine, 
tryptophane (Totter and Day, ’42), methionine (Berg and 
co-workers, ’47), leucine and histidine (Maun, Cahill and 
Davis, ’45h, ’46). In phenylalanine deficiency Maun, Cahill 
and Davis ( ’45a) found that “neither the eyes of the deficient, 
nor those of the control animals, showed alterations.” Syden- 
sti'icker and associates (’46) have suggested that corneal 
vascularization may he a reaction resulting from a deficiency 
of any of the indispensable amino acids, or of protein. It 
thus seemed desirable to determine whether deficiencies of 
other amino acids resulted in changes in the cornea. 

METHODS 

Twenty-five or 26-day-old rats of a Wistar strain were 
placed in individual cages and given a control diet or one de- 

‘ A preliminary report of this work was published in the Proc. Soc Exp Biol 
Med., 59, 1947. 
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ficient in phenylalanine, isoleueine, leucine, arginine, histidine, 
threonine or valine. The details of the methods and techniques 
used and the care of the animals were as previously described 
(Bowles et ah, ’40). As a source of protein in the control diet, 
the amino acid mixture of ^Maun, Cahill and Davis ( ’45a) was 
used, which supplied approximately .3 times the minimum re- 
quired amount of each of the indispensable amino acids in 
utilizable form. The amino acid mixture used in the deficient 
diets was identical with this except that in each deficient diet 
the appropriate amino acid in the mixture was replaced with 
sucrose. The remainder of each diet coiitamed in 100 gm: 
salt mixture ^ 4 gm, cod liver oil 2 gin, cottonseed oil 3 gm, 
choline chloride 0.2 gm, riboflavin 1.0 ing, thiamine hydro- 
chloride 0.4 mg, calcium pantothenate 2 mg, pyridoxine hydro- 
chloride 0.4 mg and sufficient sucrose to make 100 gm. 

Para-aminobenzoic acid and inositol were not included in 
the diet since they appear to favor synthesis of amino acids 
by the intestinal flora (Hall and Sydenstricker, ’47). The 
corneas of rats fed control diets to which were added only the 
vitamins as used in the present study showed no significant 
abnormality either on examination with the biomicroscope or 
in histological sectioning (Berg et ah, ’47). 

One litter of 8 rats, 8 litters of G rats each, 3 litters of 5 
rats, 2 litters of 4 rats and 1 litter of 3 rats were distributed 
among the diets so that the number of rats on each diet was 
as shoAvn in table 1. No 2 rats from any litter were on the 
same diet. 

In an attempt to produce more extensive corneal changes in 
rats deficient in threonine and valine, 3 rats were placed on 
each of 3 diets which were similar to the conti’ol diet except 
that the first contained only 0.30% of OL-valine, the second 
•0.20% of DL-threonine and the third 0.35% of DL-threonine. 
One rat from each group where corneal vascularization oc- 
curred was changed to the control diet to induce regression 
of vascularization. Two or 3 rats from these groups having 

’ The salt mixture was the same as that used by McKibben, Madden, Black and 
Elvehjem (*39). 
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marked corneal vascularization typical of the group as sliowu 
by biomieroscopic examination were selected tor injection and 
subsequent photography of the cornea. Biomieroscopic exam- 
inations of the rats’ eyes were made 4 times weekly with most 
of the rats and 3 times weekly fox the remainder. 

As before, we limit our use of the term “corneal vasculariza- 
tion” to the situation where there is an actual development of 
capillaries in the cornea beyond the limits of normal variation. 

TABLE 1 


Corneal vascularization and growth of expert inental rats. 


DIET 

KO. oy 
E.A.T3 IX 
onoxTP 

rJTCinEKCE 

OI* CORJTEAIi 
VASCtTUUai- 
2ATI0>" 

DAYS EEQUreED 

TOE APPEAEAXCE 

OP COENXAL 
VASOin^VEIZATIOX 

AVERAGE 
CHANCE IN 
%VT. PER DAY 
nmiNG 

30 DAYS 

Range 

Average 






sm 

Control 

S 

0 



+ 1.2 

Phenylalanine-deficient 

11 

11 

3-13 

7 

— 0.6 

Lencine-deficient 

11 

10 

3-19 

11 

— 0.6 

Isoleucine- deficient 

11 

11 

1-11 

8 

— 0.7 

Argininc'deficient 

8 

7 

lr~20 

11 

-f 0.7 

Histidine-deficient 

13 

11 

1-31 

15 

— 0.3 

Threonine-deficient 

11 

9 

3-3fi 

19 

— 0.5 

Valine-deficient 

9 

9 

3-20 

11 

— 0.8 


Such normal variation is remarkably slight. An occasional 
rat, certainly less than 1 in a hundred, will have scleral flaps 
carrying aberrant portions of the limbic plexus which extend 
slightly beyond the usual peripheiy of the cornea. Even less 
frequently, accidental trauma to a cornea may cause confusing 
conieal changes. 


EESULTS AND DISCITSSIOX 

Quite regularly, the first sign of ocular reaction to deficiency 
of amino acids or of protein is congestion of the scleral con- 
junctiva and engorgement of the limbic plexus. Soon' there- 
after, often concurrently, there is slight thickening and diffuse 
clouding of the comea, probably due to edema. Subsequently, 
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sliort capillaiy “sprouts” can be seen wJiieli derive from the 
marginal vessels of the limbic plexus. It is thought that these 
actually are the airereiit limbs of small capillary loops. Such 
“sprouts” iucreaso in length and caliber and soon their 
elfercnt limbs are visible. As such capillary loops invade the 
subepithelial region of the cornea, anastomotic vessels are 
apt to develop so that the entire coimea may become shrouded 
in a dense network of centripetally growing vessels in which 
no detinite pattern can be made out. 

Corneal opacity due to edema and leukocytic infiltration 
tends to parallel the severity of vascular invasion. At times, 
diffuse opacity may prevent accurate evaluation of the degi’ee 
of vascularity present. In some animals scattered nebular 
opacities precede the general elouding. The grade of vasculai*- 
ization, its pattern and the severity of the associated opacity 
vary much in dilferent deficiencies. With deficiency of total 
jjrotein, or of phenylalanine, leucine or isoleucine, corneal 
vascularization and opacity may be extreme so that the tis.sue 
seems to be converted into an area of granulation tissue 
covered by finely wrinkled, dry, sometimes ulcerated, epi- 
thelium. This we have also observed to be the result of 
tiyptophane deficiency.^ In deficiency of histidine, valine, or 
threonine the invading vessels remain small and their radial 
arrangement seldom is disturbed. Corneal opacity may be 
very slight so that the newly formed vessels are visualized 
with little ditficulty and no abnormality of the corneal epi- 
thelium can be seen. This is similar to what we have observed 
to occur in methionine deficiency (Berg et ah, ’47). Eats 
deficient in phenylalanine and lysine ® have shown some varia- 
tion in the grade of keratitis they developed but extremes 
have not been observed. 

The rats fed diets devoid of valine and threonine usually 
died as early corneal changes appeared. In the 3 rats fed 
0.30% of DL- valine the rats lived long enough to develop 
more extensive corneal changes and vascularization. This 
diet supplied 0.15% of L-valine as compared to the 0.7% of 

’Unpublished data. 
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this form of valine required for gro^vth (Rose, ’37). The rats 
fed 0.35% and those fed 0.20% of nn-threonine developed 
congestion of the sclera and a slight degree of corneal opacity 
but no coi’neal vascularization. These 2 gi'oups of rats re- 
ceived, respectively, 0.17% and 0.10% of L-threonine, the form 
utilizable for growth, as compared to the rats’ requirement 
of 0.5% for growth (Rose, ’37). 

The rats in the group fed the arginine-deficient diet de- 
veloped only a veiy minor degree of corneal vascularization, 
which later spontaneously regressed. One of the control rats 
developed a few capillary loops into the edge of the cornea 
beyond the limits of normal variation. The corneas of the 
remaining control rats appeared nonnal except for an occa- 
sional slight translucency of the cornea which would later 
disappear. Maun, Cahill and Davis (’45a) noted no histo- 
logical changes in the eyes of their control rats fed a diet 
similar to this. 

IVhen the deficient rats were returned to the control diet to 
supply the lacking essential amino acid, prompt regression of 
the vascularization occurred until corneal capillaries could no 
longer be seen with the biomieroscope. The time required for 
complete regi’ession varied somewhat, depending on the de- 
gree of comeal vascularization. 

The incidence and time of appearance of vascularization in 
the groups of rats and growth data are given in table 1. It 
may be seen that vascularization appeared most rapidly in 
phenylalanine deficiency and most slowly in threonine de- 
ficiency. 

AU the rats on -the deficient diets lost weight, except for 
the arginine-deficient rats which grew at a rate of 0.7 gm per 
day. The growth of 1.2 gm per day for the control rats may 
be compared with the rate of about 3.0 gm per day usual for 
our strain of rats at this age when receiving an adequate diet. 
Since the protein requirement of the rats was supplied with 
amino acids, a subnonnal growth would be expected, as this 
diet would lack the growth factor for rats described by 
'Womack and Rose (’46) as present in intact and partially 
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hydrolyzed proteins. Taking’ into consideration the difference 
in rate of normal g^rowth of the strains of rats used by 
Womack and Eose ( ’46) and iJiose used in the present study, 
the diets used by Womack and Eose, wliich contained the non- 
essential amino acids, resulted in considerably better growth 
than did our control diet which lacked these amino acids. With 
the chick, Luckey and associates (’47) obtained superior 
growth with diets containing some of the non-essential amino 
acids as compared Avith diets containing only the amino acids 
now recognized as essential for the chick. 

Plates 1 and 2 show reproductions of photographs of in- 
jected corneas illustrating the type of vascularization obtamed 
in each of the deliciencies studied. It will be noted that Avhile 
there are differences in pattern of vascularization in the de- 
iiciencies studied here, and in those jjreviously studied, these 
ditferences in no case are very striking and the patterns of 
vascularization in several of the deficiencies are indistinguish- 
able. The observations Avhich we made in earlier studies as 
to development of pattern of vascularization also apply here. 

The appearance of enlarged distal ends of developing capil- 
laries in threonine, leucine and phenylalanine deficiencies is 
similar to what we had observed before in protein deprivation. 
The pictures of injected corneas here may be compared with 
the i)ictures of the injected corneas of normal rats shown in 
an earlier paper (Bowles et al., ’46). 

Our observations that phenylalanine deficiency will cause 
corneal vascularization are not in agreement with the state- 
ment of Maun, Cahill and Davis (’45a) that they observed no 
altei’ation of the eyes of their phenylalanine-deficient animals. 
It is possible that this discrepancy may be explained as being a 
strain difference since ]\Iaun, Cahill and Davis used Sprague- 
Dawley animals while rats of a Wistar strain wei-e used in 
the present study. 


SUMMARY 

Deliciencies of phenylalanine, isoleucine, threonine, valine 
and arginine Avere found to result in corneal A’-ascularization. 
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Tlie corneal vascularization resulting from leucine and Msti- 
dine deficiencies was also studied. It now seems clear tliat 
lack of protein or of any 1 of the 10 essential amino acids 
may result in corneal vascularization in the rat. Other changes 
observed in varying degrees were diffuse and nebular conieal 
opacity, and edema of the cornea. 
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PLATE 1 

EXPLu\NATION OP PIOUKES 
(All IS X reduced approximately one-third) 

Obliquo views of India ink-injcctcd corneas of rats fetl amino acid-deficient diets. 

1 Histidine-dcficieut diet. Corneal vascularization observed after 16 days, rat 
killed after 33 days on the diet. 

2 Histidine-deficient diet. Corneal vascularization after 16 days, rat killed 
after 33 days on the diet. 

3 Low-valino diet (0.30% of DL-valine). Corneal vascularization after 13 days, 

rat killed after 54 days on the diet. ' 

4 Valiiie-freo diet. Corneal vascularization after 19 days, rat killed after 23 
days on the diet. 

5 Thrconiuc-dcficieut diet. Corneal vascularization after 25 days, rat killed 
after 46 days on the diet. 

6 Isoleueine-defieicnt diet. Corneal vascularization after 11 days, rat killed 
after 49 days on the diet. 
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(All 18 X reduced approximately oiie-tliird) 

Oblique vieus of India ink-injected corneas of rats fed amino acid-deficient diets. 

7 Lciieine-deficieiit diet. Corneal vascularization obsers'ed after S days, rat 
killed after 29 days on the diet. 

S Phenylalanine-deficient diet. Corneal vascularization after 5 days, rat killed 
after 51 days on the diet. 

9 Argiuiiio-deficicnt diet. Corneal vascularization after 4 da^'s, rat killed after 
SI days on the diet. 
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THE PBOTEIX REQUIREMENTS OP THE ADULT 
RAT IN TEEMS OF THE PROTEIN CONTAINED 
IN EGG, MILK AND SOY FLOUR ^ 

MILDRED L. BRICKER AXD H. H. MITCHELL 
Division of Animal Xutrition, Vniversit;/ of Illinois, Urbana 


OSH riGtJKE 

(Received for publication Julr 7, 19^7) 

Recently several studies have been reported of the protein 
value of foods for mature animals using a method pi-oposed 
by Melnick and Cowgill (’37) and demonstrated witb dogs. 
The method involves the use of animals in negative nitrogen 
balance at various levels of nitrogen intake, and receiving 
adequate calorie intakes. Under such conditions the relation- 
ship between nitrogen intake (or absorbed nitrogen) and 
nitrogen balance is a linear one. The quality of the protein as 
well as the quantity needed to maintain nitrogen equiUbriuni 
can be estimated from the mathematical description of the 
regression line describing the relationship. This method was 
used by Harris and Mitchell (’41) to study the utilization of 
•Ui’ea nitrogen in sheep and was also employed by Allison and 
Anderson (’45) to study the quality of various proteins fed 
to dogs. The method was adapted to human subjects in a 
study of protein requirements in terms of different foods by 
Bricker, Mitchell and Ednsman (’45) and later, in a modified 
form, by Hegsted and coworkers ( ’46) who applied it to mixed 
diets. The present report deals with an application of this 
method to adult male rats. 

‘The data reported iu tliis paper were taken in part from a thesis presented bv 
Mildred Bricker to the Graduate School of the TTniversity of Illinois in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
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KXPKIUMEXTAL PlIOCEIiUIIK 

Ten adult male albino rats were fed low-protein diets at 2 
levels of intake in amounts sufiieient to maintain body weight 
and energy equilibrium. The food protein sources, dried de- 
fatted whole egg, dried skim milk and soy flour (low-fat, ex- 
peller iDrocess) Avere each fed at one level estimated to give a 
slightly negative nitrogen balance and then at a loAver level. 


TABLE 1 

Cojnposition of experimental diet.i» 



Oll-T A 

liiKT n 

mcT 0 

DIET I> 

DIET y 

PIETO 

Starch 

31.28 

20.01 

27.21 

22.86 

23.57 

19.81 

Cereloso 

40.00 

40.00 

40.00 

40.00 

40.00 

40.00 

Vitamin supplement ‘ 

5.00 

5.00 

5.00 

.LOO 

5.00 

5.00 

Mineral salts 

4.00 

4.00 

4,00 

4.00 

4.00 

4.00 

Sodium chloride 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Wood flock 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

Lard 

.0.65 

9 AS 

9.94 

9.90 

9.26 

8.96 

Wheat germ oil 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

Cod liver oil 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

Barium sulfate 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Dried defatted uholo egg 

3.07 

4.61 




•• 

Dried skim milk 



5.S5 

10.24 



Soy flour * 





10.17 

14.23 

Total 

101.00 

101.00 

100.00 

100.00 

100.00 

100.00 

Percent protein (X X 6.25) 

2.38 

3.3S 

2.3S 

4.02 

0.15 

7.U 


' The vitamin supplement added in a 6% starch vehicle provides in 100 gm of 
the diet: 500 Mg thiamine, 650 Mg ribodanii, 300 Mg pyridoxiiio, 3 mg pantothenic 
acid, 400 mg choline, 60 mg nicotinamide and 500 Mg ascorbic acid. 

* Low-fat expeller process soy flour obtained directly from the A. E. Staley 
Manufacturing Company, Decatur, Illinois. 


For the egg protein, diets containing higher levels Avere em- 
ployed, designed for each rat, on the basis of the data secured 
on the 2 loAver levels, to support approximate nitrogen equi- 
librium. The composition of the diets, Avith the exception of 
the latter, may be found in table 1. An attempt Avas made to 
have all the diets similar and adequate in nutritive Amlue in all 
respects except protein. The total amount of fat Avas kept at 
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12%, includiug the fat in the test foods. Barium sulfate was 
used as a filler so that on days when feces markers were given 
the barium sulfate could be replaced with ferric oxide. 

The quantity of diet given each rat was sufficient for energy 
equilibrium as measured in a pre-feeding period of 11 days 
by maintenance of constant body weight. On each diet a 
o-day preliminary adjustment period was followed by a 
7-day collection period. Brine samples were pveseiwed with 
dilute hydrochloric acid and pooled for the entire .week. The 
week’s feces samples were composited, dried at 110° C. and 
ground before analysis. Nitrogen analyses were made on the 
food and excreta by the macro-Kjeldahl method, using mer- 
cury as a catalyst. 


EXPEEniEXTAl, RESULTS 

The essential data from the metabolism studies with whole 
egg protein fed at the various dietary levels are summarized 
in table 2. The food intakes of the rats were essentially con- 
stant fi’om period to period. With increasing levels of nitro- 
gen intake, the fecal nitrogen per gm of food showed no sig- 
nificant change, averaging 1.21 mg. This circumstance shows 
that the nitrogen of the whole-egg preparation used in these 
experiments was completely digestible and that the fecal ni- 
trogen is all of body (metabolic) origin, confirming the ob- 
servations of Mitchell and Carman (’26b). 

The daily urinaiy nitrogen per unit of metabolic mass 
(W^ gm) actually decreased with successive increases in nitro- 
gen intake, averaging 0.826, 0.737 and 0.692 mg, respectively. 
The nitrogen balances become less negative and, eventually, 
positive. Comparing the average changes in nitrogen intake 
with the average change in nitrogen balance, it appears that 
an increase of 1 mg of nitrogen consnmed is associated with 
a decrease in the loss of nitrogen to the body of 1.28 mg in 
passing from the lowest to the intermediate level of dietaxy 
protein, and of 1.38 mg of nitrogen in passing from the intei- 
mediate to the highest level of dietaxy protein. This anomalous 
relationship probably signifies a depression in the nxinimum 
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outlog-enous calaboli.sin of nitrogen Avith continued experimen- 
tation involving prolonged periods of nitrogen depletion, anal- 
ogous to the depre.ssion in the basal nielidiolisin after long 
periods of inanition. 

Tbat this is not a specific elTcct of egg protein is indicated 
by the results of an earlier experiment on young rats. Two 
groups of 4 rats each were fed alternately, in successive (and 

'I’.VULK 2 


The uilror/rn metabolism of the rats on J levels of whole e/jfj liroteins. 


IJAT 

NO. 

rtewn NlTItOOKN J'EU OM 

OK root) CO.NSUMKD 

L'KIN'AItV NITIUKIKN 

II 

i*i:u \vt(iM 

PAILV NITKOUKN IlAIxlNCE 

2.:i8Co a. 28% 
protein ' protein 

:i.sirr 
protein * 

2.:i8Vo 
■ protein 

3.2 8 Vo 
protein 

.2.81^0 
lirotein =* 

2.28^0 

protein 

3-23% 

protein 

3.81% 
protein ^ 


tng 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

tag 

1 

1.20 

1.09 

1.09 

0.S7 

0.03 

0.60 

— 29 

6. 3 

-^17 

o 

1.01 

1.11 

1.17 

0.83 

0.71 

0.73 


-j- 0.5 

+ 9 

3 

1.19 

1.26 

1.20 

0.75 

0.64 

0.63 

—21 

-f 2.8 

-fl4 

4 

1.15 

US 

1 *^2 

0.71 

0.66 

O.GG 

—17 

+ 1.8 

+ 11 

5 

1.03 

1.10 

1.16 

0.71 

0.76 

0.69 

— 15 

— 2.8 

+14 

7 

1 '^2 

1.28 

1.09 

0.72 

0.67 

0.58 

—21 

— 0.3 

+20 

8 

1.36 

1.33 

1.11 

0.74 

0.60 

0.61 

—28 

— 1.7 

+20 

11 

1.17 

1.26 

1.34 

1.00 

0.97 

0.S3 

—34 

—17.1 

+20 

12 

1.37 

1.40 

1.29 

0.94 

0.83 

0.90 

—37 

—10.9 

—0.4 

14 

1.33 

1.31 


1.00 

0.85 


— 13 

—10.7 


Aver- 










ages 

1.20 

1.23 

1.19 

0.826 

0.737 

0.692 

—26.7 

— 3.1 

+ 13.9 


* In these headings, the term protein refers to conventional protein —NX 
The metabolism tests were carried out from July 9 to IG, July 23 to 29 and August 
29 to September 4, respectively. 

*The diets used in this period varied in protein level from rat to rat from 3.59 
to 4.62% (averaging 3.84), in an attempt to approximate the level required for 
nitrogen equilibrium. 


continuous) 7-day metabolism periods, a 4% egg-protein diet 
and a nitrogen-free diet. The order of alternation differed 
in the 2 groups. The data are summarized in table 3. The 
rate of decline in urinary nitrogen per gm is again evident, 
but it is not appreciably affected by the order of feeding of 
the expei'imental diets. Specifically, the individual differences 
in the 2 groups of rats between the observed value for the 
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second period and the mean for periods 1 and 3 \vere not 
statistically distinct (P = ca. 0.27). 

This experiment shows also that the nitrogen of whole egg 
is completely utilized in the metabolism of the growing rat 
within the limits of accuracy of the methods used, confirming 
again the results of Mitchell and Carman (’26b). That this 
is also true for the adult male rat is demonstrated by the 

TABLE 3 


The iitilhation of the nitrogen of whole egg hij the growing rai» Swcceaait'e 
7 -dag collection periods. 


DIET 

NO. 

OP 

RATS 

AVER,\GE 

BOOT 

U'EIGHT 

DAILY 

POOD 

AVERAGE 

A^’EB-AGE 

fecal n 

PER Gir 

OP FOOD 

.4VER.\GE 
UBIXAET X 

T 

PER 

WEB iCE 
URIXARY 
X PER 

1 

W4 GM 

FOR 

PERIODS 

1 AXD 3 



QTtl 

gm 

mg 

mg 

mg 

Xitrogen — Lou* 

4 

57.1 

3.34 

1.74 

1.138 


4% egg protein 

4 

55.6 

3.39 

1.98 

.853 

.910 

Xitrogen — Low 

4 

52.7 

2.62 

1.41 

.683 


4% egg protein 

4 

60.8 

3.36 

2.13 

1,057 


Xitrogen - — Low 

4 

56.1 

3.25 

1.44 

.780 

.888 

4% egg protein 

4 

55.6 

2.68 

1.77 

.719 



data collected in tables 4 and 5, taken from unpublished ex- 
periments in this laboratory (Treichlei*, ’39). Both groups of 
rats subsisted for 14 days on the 4% egg-protein diet, col- 
lections of excreta being made for the last 7 days only. In 
this period the daily urines were composited for analysis. 
The rats were then put upon a nitrogen-free diet in which the 
dried defatted whole egg was replaced by sucrose, and the 
daily urine collections were analyzed separately with the re- 
sults shown in the tables. All diets contained 22% of fat and 
approximately 4.6 cal. of gross enei’gy per gm. 

The rats yielding the data in table 4 averaged about 240 gm 
in weight. Their urinary nitrogen output per day was not 
significantly different on the 2 diets. Expressed per W* gm 
per day, the averages were 0.786 mg of nitrogen on the low 
Ggg-protein diet and 0.727 mg on the nitrogen-free diet. A 
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TABLE 4 


Iho utilhatioii of the nitro^icji of whole egg at low levels of intake bg young 
mature rats at on maintenance rations,'" 


DAYS 

ON' 

TEST 

AVKKAGB 

DAII.Y 

N INTAKE 


DAILY KXCUKTION OF L'BINAUY NITIIOGKN 


Rat 35 

Rat 58 

Rat (31 

Rat Cl 

Rat 67 


rna 

tne 

ni7 

in 7 

1/17 

n»7 




egg-protein diet 



7 

52 

Cl 

41 

-16 

55 

47 



Low-nitrogen diet 



1 

5 

53 

42 

46 

46 

36 

o 

5 

55 

4G 

49 

53 

36 

3 

5 

49 

44 

42 

41 

44 

4 

5 



38 

40 

40 

5 

5 



43 

37 

39 

G 

5 



43 

44 

41 

7 

5 



47 

39 

46 

8 

5 



36 

33 

42 

9 

5 



52 

35 

46 


^ Taken from the thesis of Ray Treicliler (’39). 


TABLE 5 


The utilisation of the nitrogen of whole egg by older mature rats on maintenance 
rations at comfortable temperatures.' 


DAYS 

ON 

TEST 

AVERAGE 

DAILY 

N INTAKE 


DAILY EXCRETION OF URINARY NT:TR0GEN 


Rat 20 

Rat 30 

Rat 31 Rat 32 

Rat 33 

Rat 34 

Averaffe 
for C rats 


niff 

niff 

niff 

niff 

niff 

W17 

7«// 

mff 




4% egg-protein diet 




7 

64 

77 

70 

70 

86 

72 

58 

72 




Low-nitrogen diet 





1 

5 

63 

49 

47 

56 

65 

50 

55 

2 

5 

70 

46 

61 

54 

61 

61 

59 

3 

5 

75 

50 

50 

63 

G1 

53 

59 

4 

5 

85 

51 

90 

57 

62 

62 

68 

5 

5 

68 

54 

53 

60 

74 

49 

60 

6 

5 

75 

57 

65 

59 

55 

49 

60 

7 

5 

65 

42 

55 

54 

60 

51 

54 


’Taken from the thesis of Ray Treichler (^’39). 
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statistical analysis of the differences for individual rats af- 
forded no basis for suspecting a diet effect. The rats were 
in negative nitrogen balance in both periods. 

The second group of rats (table 5) averaged 390 gm in 
weight, and here the urinaiy nitrogen on the egg-protein diet 
averaged higher* for all 6 rats than that on the low-nitrogen 
diet, 0.8*21 mg per gm against 0.680 mg. The probability 
that a fortuitous combination of the uncontrolled factors in 
the experiment could have produced an average difference as 
large or larger than this, and in the same direction, is only 
0.016 (Student, ’08) and may be neglected. However, in this 
experiment all rats were in positive nitrogen balance on the 
egg-protein diet, averaging 19.7 mg per day, so that the urine 
may have contained nitrogen consumed in excess of body 
needs. 

The experimental data in these 2 tables bring further sup- 
port to the conclusion that whole-egg protein is utilized in 
the metabolism of the mature rat with little or no Avastage 
(table 4), or at least they are not in contradiction necessarily 
with this conclusion (table 5). It is to be noted in particular 
that egg protein in no case depressed the urinary nitrogen 
level secured on a low-nitrogen diet, in contrast to the obser- 
vations reported by Brush, Wilbnan and Swanson ( ’47). 

Since the data on fecal nitrogen presented in table 2 indicate 
clearly that the nitrogen of the preparation of dried defatted 
whole egg used in these tests is completely digestible, the 
metabolic nitrogen in the feces may be computed in tests Avith 
other proteins by using the factor 1.21 mg per gm of food. 
This procedure has been used ia computing the true digesti- 
bility of the nitrogen of milk and of soy flour with results 
summarized in table 6. The aA'erage true digestibility of milk 
nitrogen for these mature vats was 95.3 and that for the soy 
flour nitrogen Avas 90.4. 

On the basis of evidence already presented, a biological 
A-alue of 100 was assumed for the egg proteins. Therefore, 
the average urinaiy nitrogen excretion on the first 2 egg 
periods Avas assumed to be the endogenous nitrogen. These 
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values may be expressed in relation to the basal inetabolisin, 
in order to compare them with those published by Smuts 
(’35). The surl’ace area of each rat was, therefore, estimated 
by the Lee ( ’29) formula. A basal metabolic rate of 086 (S.D. 
97) cal. per ni- per 24 hours Avas then assumed. This figure 
is an average of 70 basal metabolism determinations found 
in the literature. In arriving at this figure, the surface areas 
of the rats Avere all computed, or recomputed, by the formula 
of Lee. This meant recalculation of the original A’alues in 

TABLE 0 


The true digei>tibiUttf of the proteins (nitrogen) in milk and in soy flour 
for mainre tats. 


n\T 

NUMBER 

MILK 1‘ROTEINS 

.so\ yiMVii 

BUOTEINS 

True 

d>Ke''tibihtv 

Biological 
valui* * 

True 

(liKeKlihihty 

Biologic.!! 
value * 


rj, 



'/c 

1 

93 

9G 

9.3 

51 

o 

95 

87 

ss 

48 

3 

94 

90 

92 

51 

4 

97 

89 

91 

45 

5 

94 

88 

88 

50 

7 

94 

S3 

89 

53 

S 

98 

82 



11 

94 

90 

90 

G2 

12 

96 

75 

92 

50 

14 

98 

100 



Averages 

95.3 

88.G 

90.4 

52.0 


‘ Computed by assuming the endogenous nitiogen outputs in eolumn 5 of table 7, 
and proceeding in accordance with the method of Mitchell ('24). 


some cases. Onlj’^ data for adult male rats Avere taken, in- 
cluding 24 basal metabolic rate determinations by Mitchell 
and Carman (’26a), 15 determinations b}’' Smuts (’35), 26 by 
Benedict, Horst and !Mendel (’32) and 5 by Treicbler and 
Mitchell (’41). 

Estimates of surface area and basal caloric expenditures of 
the rats in this experiment are tabulated in table 7. The 
endogenous nitrogen in the urine is expressed in mg per basal 
calorie, and averages for all 10 rats 2.162 ±: 0.120. This value 
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agrees well with that of 1.9SS - 0.034 mg reported by Smuts 
(’35) for adult rats. 

This experiment was designed on the assumption that a 
linear relationship exists in the mature rat between the ab- 
sorbed nitrogen and the nitrogen balance within the area of 
negative nitrogen balances. In figure 1 this relationship is 
shoAvn graphically. Values for individual animals are ex- 
pressed in relation to basal calories in accordance with the 

TABLE 7 

The iceightf surface area, basal calories, and endogenous nitrogen of the adult 7nale 
rats used in these experiments. 


HAT 

XO. 

BOOT 

WEIGHT 

SrBTACE 
aeza ^ 

BA==JAL, 

METABOmS^l " 

exdogexous xiteogex 


gta 

C’Jil* 

cal. /day 

my f day 

mg per 
coL 

1 

312 

393 

26.96 

55.05 

2.042 

2 

313 

394 

27.03 

56.44 

2.08S 

3 

324 

402 

2T.58 

53.00 

1.922 

4 

326 

404 

27.71 

52.50 

1.895 

5 

314 

395 

27.10 

54.75 

2.020 

7 

364 

432 

29.64 

57.66 

1.915 

8 

408 

462 

31.69 

63.66 

2.009 

11 

294 

380 

26.07 

69.66 

2.672 

12 

334 

410 

28.13 

69.10 

2.456 

14 

336 

411 

28.19 

72.31 

2.572 

Average 





2.162 = 0.120 


' Calculated bv the Lee formula, S*rtn^ = 12.54 W gm 

^Assumiug a basal metabolic rate of 6S6 cal. per square meter per 24 hours. 


Terroine (’27) -Smuts (’35) principle. Regression lines were 
then fitted to the data by the method of least squares. The 
equation, Y = a -f bX was used, in which Y represents the 
nitrogen balance, X the intake of absorbed niti’ogen, a the 
intercept on the X axis, i.e., the amount of nitrogen excreted 
in the urine and feces when no nitrogen is consumed, and h 
the rate of increase in Y as X increases, or the biological value 
of the protein, all values being expressed per basal calorie. 
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The resulting equations are : 

Y = 0,91)0 X — 2.757 for proteins, 

Y = l).S57 X — 2.727 for milk j)rotoins, and 

Y=jO.‘l9‘tX — 2.711 for hoy ilour proteins. 

The biological values (the h constants) indicated by these 
equations, expressed as percentages, are 99 for egg proteins, 
86 for milk proteins and 49 for soy proteins, slightly less than 
the values that may be computed for the individual rats on the 
assumption of a biological value of 100 for egg proteins. These 
individual values have been summarized in table 6. 



Fig. 1 The relationship between tlie truly absorbed nitrogen (X) and the 
nitrogen balance (Y) on the different experimental diets. In the equations given, 
the a value represents the nitrogen excretion at O intake and the 5 value, the 
slope of the line, or the biological value of the protein. The points at O intake 
are the average fecal plus urinary nitrogen excretion on the 2 low-egg periods. 
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Tile amount of absoi'bed nitrogen required for equilibrium 
may be calculated by solving for X when Y = 0. Thus, in 
terms of truly absorbed nitrogen, 2.784 mg of egg nitrogen 
per basal calorie, 3.179 mg of milk nitrogen and 5.484 mg of 
soy-flour nitrogen are needed to maintain niti’ogen equili- 
brium in tbe rats studied. 

The amounts of total food nitrogen needed to maintain ni- 
trogen equilibrium can be calculated by dividing tbe require- 
ment of truly absorbed nitrogen by the true digestibility 
coefficient expressed as a decimal and are as follows: 2.784 mg 
of egg nitrogen per basal cal., 3.337 for milk and 6.066 for soy 
flour. "Wben these nitrogen values are converted to tbe neces- 
sary per cents of protein in tbe diets used in this experiment 
they become 3.60 for egg, 4.33 for milk and 7.61 for soy pro- 
teins on tbe dry basis. 


DISCUSSION 

In similar studies by tbe authors (Bricker, Mitchell and 
Kinsman, ’45) on human subjects a value of 2.76 mg of total 
milk nitrogen per basal cal. was needed for tbe maintenance 
of nitrogen equilibrium. This is to be compared ivitb tbe 
value, on tbe same basis, of 3.34 mg for tbe rats in this study. 
If both requirements are computed on a weight basis, that 
for tbe human is 65 mg of nitrogen per kg and for tbe rat, 
229. Tbe agreement between tbe former values, as well as 
tbe disagreement between tbe latter is in harmony with tbe 
conclusions of Terroine (’27) and of Smuts (’35) that protein 
requirements for maintenance are related to surface area 
and basal metabobsm rather than to body weight as is all 
too commonly assumed. 

Tbe corresponding values for soy-flour nitrogen are 2.88 mg 
per basal cal. for tbe human adult and 6.07 for tbe adult rat. 
Tbe difference in this case is large. It may be due, but only 
in small part, to a difference in beat treatment of tbe soy flours 
fed to tbe 2 species. • It is most likely largely traceable to a 
difference between tbe rat and man in the relative require- 
ments for sulfur-containing amino acids that limit tbe bio- 
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logical value ol soy Hour proteins (Johnson et al., ’47: Cox 
et ah, ’47), for the rat at least. 

Barnes, Bates and jMaacIc (’40), employing essentially the 
same technic as that used in tliis study, reported that mature 
male rats require for the maintenance of nitrogen equilibrium 
11.2 mg ol apiiarently absorbed egg nitrogen per day per 
100 cm- of body surface and, for 2 dill’erent soy flours, 13.6 
and 15.1 mg of apparently absorbed nitrogen. Using the Lee 
formula ( ’29) for the estimation of surface area rather than 
that of Carman and I^Iitchell (’26), and assuming a body 
weight of 325 gin, raises these requirements to 14.9, 18.1 and 
20.1 mg N 2 ier 100 cm-. The values obtained in tliis e.xperiment 
are 19.0 mg of truly digestible egg nitrogen and 41.2 mg 
of truly digestible soy flour nitrogen per 100 cm- of body 
surface, or in terms of apparently digestible nitrogen, as- 
suming’ 1.2 ing metabolic fecal N jier gm of food (table 2), 
15.0 mg egg N and 37.2 mg of soy flour N. The former value 
agi’ees well with the corresponding value of Barnes and as- 
sociates, but the latter figure is considerably higher than the 
highest of the 2 values for soy flour reported by these inves- 
tigators. 

The biological value of 86 for milk protein agrees well with 
that of 86 determined by Boas-Fixsen and Jackson (’32) on 
4 mature rats fed roller-process dried milk at a 7% protein 
level, and less well with that of 78 on mature rats fed at a 
5% protein level by Sumner (’38). Sumner (’38) in the same 
study reports a value of 94 for egg proteins fed to mature 
rats at a 5% level of protein. Heni-y, Kon and Rowland ( ’46) 
obtained a biological value of 73 for milk protein for mature 
rats at an 8% level, a level too high to afford any assurance 
that dietary nitrogen is not wasted in metabolism merely be- 
cause it is consumed in amounts exceeding requirements. 

SUM.MABY AND CONCLUSIONS 

Ten adult male rats were fed 2 dietary levels each of milk 
and soy flour proteins and 3 dietary levels of egg protein ; all 
of the former and 2 of the latter dietary levels were asso- 



PnOTEIX REQUIREMENTS 


503 


dated with negative nitrogen balances. The linear relation- 
ship between truly absorbed nitrogen and nitrogen balance 
was described by regression equations fitted to the data by 
the method of least squares. 

The amount of truly absorbed nitrogen (corrected for the 
metabolic nitrogen in the feces) required for nitrogen equili- 
brium was computed from these regression equations to be 
2.78 mg of egg nitrogen, 3.18 mg of milk nitrogen and 5.48 mg 
of soy flour nitrogen per cal. of basal beat. The biological 
values indicated by these regression equations are 99 for 
whole egg nitrogen, 86 for milk nitrogen and 49 for soy flour 
nitrogen. 

The nitrogen of the defatted dehydrated whole egg prepa- 
ration used in these studies was completely digestible by the 
adult rat and, at the low levels of feeding used (2.38 to 4.62% 
conventional protein) the absorbed nitrogen was practically 
completely utilized in adult rodent metabolism. Neither in this 
experiment, nor in previous ones on adult rats carried out in 
this laboratory, has egg protein been observed to depress ap- 
preciably the minimum endogenous metabolism of nitrogen. 

The total requirements of milk nitrogen per basal cal. for 
nitrogen equilibrium in the adult rat and the adult human 
are not greatly different, being 3.34 mg and 2.76 mg, re- 
spectively. The requirements of soy flour nitrogen on the 
same basis are much gTeater for the rat than for the human, 
6.07 mg and 2.88 mg, respectively, testifying to the gg’eater 
relative requirement of the rat than of the human for the 
amino acid severely limiting the nutritive value of soybean 
protein, namely, methionine (or cystine). 
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The increasing use of dehydrated foods, particularly during 
^Yorld War H, would seem to make desirable a complete study 
of their nutritive value. The prolonged periods over which 
such foods may be stored without spoilage as compared with 
fresh foods make them especially adaptable for army use. 
This property also is of importance in the use of dehydrated 
foods for relief overseas. The lowered bulk combined with 
the great decrease in weight of the water-free food makes the 
shipment of much larger amounts of food possible with a 
limited amount of shipping space. 
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TJie use oi dehydrated Toods lias been ac'couipaiiied in some 
cases by a reduced acceptability. In some instances this may 
have been due to an unsatisfactory processini? in the prepara- 
tion of such products; in many more cases, it was probably 
related to an inadequate traininjj or knowledge of the methods 
of preparation of such foods by the chefs. :\rethods which 
aie satisiactory for the preparation of foods in the quantity 
needed by a small lamily may be unsatisfactory when used for 
tie pieiDaration of foods in the quantities required by the 
a\eiage aimy mess. However, pi'ocessing difliculties have 

een laigely overcome with increasing experience and the 
pioducts now available are markedly superior to those avail- 
able duiing the early days ot the war. Greater experience in 
t le piepaiation of dehydrated foods has lessened the failures 
encountered in the kitchen. 

Theie has been some question about the satie^v value of 
cehydiated foods as compared with the corresponding fresh 
foods. If satiety vahie is related to bulk, and a complete 
lehj^diation of such dried foods did not occur in their prepara- 
tion, such assumptions might have some scientific basis. Other 
changes might also occur during processing which might affect 
the acceptability of the dehydrated food. 

The piesent study was undertaken to detei^mine whether 
delijdiated toods had the same nutritive value as fresh foods 
when tested by such methods as the determination of their 
digestibility, their ability to provide nitrogen equilibrium and 
to maintain body weight. The experiments were also designed 
to determine how the acceptability of dehydrated foods com- 
pares -with that of fresh foods. It was hoped that the tests 
might give some information as to Avhether any alteration in 
Avatei balance might accompany the use of such dried foods. 

experimental 

Subjects 

T.he studies were carried out on 8 male volunteers who were 
patients at the Eanolio Los -A^migos.*^ Some of them were 

* 1 his is one of the chronic units of the Los Angeles County Hospital System. 
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tile same individuals who had served on a previous study on 
methionhie (Johnson et ah, ’47). The men ranged from 32 
to 56 years of age, from 123 to 179 lbs. in weight and from 
66 to 75 inches m height. They were not suft'eriug from any 
ailments which Avould be expected to alter their digestive 
processes or their nitrogen metabolism. The subjects Avere 
confined to one Avard which Avas exclusively used for this test. 
A nurse or attendant was present at all times and during the 
day 2 nurses and an attendant Avere on duty. The subjects 
were alloAved to leave the ward but only under supeiwision. 
Cigarettes, cigars and newspapers were furnished and the 
diets were more elaborate than the usual hospital fare. These 
factors combined AAuth the personal attention made it possible 
for us to obtain cooperative subjects in spite of the monotony 
and prolonged confinement necessary for the experiments 
reported here. 

Diets 

The diets were prepared in the diet kitchen at the Kancho 
Los Amigos, and the portions Aveighed out for the indiAudual 
trays at the ward. The entire meal was eaten by the subject. 
The amount of Avater taken in was also controlled. During the 
last period of each test, the subjects Avere allowed to have the 
food ad lihifuvi in additional portions of j-, -i, or a portion 
equal to that usually taken Avith the stipidation that increased 
amounts of all components of the diet be consumed. In this 
Avay an attempt was made to obtain an index of the accepta- 
bility of the food. 

Four menus AA-ere employed each of AALich provided approxi- 
mately 12 gm of nitrogen and 2,000 cal. The order in which 
they were served Avas in some cases varied to prevent pre- 
diction of menu, but during each 8-day metabolic period, each 
menu was repeated tAAUce. The components of the diets are 
giA'eu in table 1. 

The composition of the 4 menus is indicated in table 2. 
Menu W Avas served on Sunday since the cold meal in the 
cA'oning made it the most practical for that day. 
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TAIJLK 1 

Diet CO m pone lit, 'f in the ,stn<lic:f on frc,sh ond dchpdratid footh. 


KKf.Sir YOOO I>lKT:i 


I^JJllVI^JlATJ.rj >001) UlKTi> 


Canned beef, eliicken, ham, Iamb, pork or veaP 
Margarine 
CoITee 
Sugar 


Fresh Idalio i)otatoes “ 

Bread 

Apricots (canned, water-packed) 
Peaches (canned, water-packed) 
^Vholo milk 
Fre.sli eggs 

Oran go juice * 


Deliyd rated diced potatoes ^ 

Crackers 

Dried apricots ’ 

Dried peaclies ^ 

S]»ray-drjed whole milk powder * 
Dried egg white ^ 

Dried egg yolk ^ 

Orange juice concentrate ^ 


^Specially prepared by arrangement with Dr. Victor Conquest, Armour and Co. 
^ Obtained from Bogers Brothers, Idaho Falls, Idaho. 

^Obtained through the courtesy of Dr. JCmil Alrak, University of California at 
Berkeley, 

* Challenge brand. 

^ Obtained from the Sennour Packing Co., Topeka, Kansas. 

•Valencia oranges used. 

^Concentrate from Valencia oranges obtained from the California Fruit Growers 
Fxchange, Ontario, California. 


Analytical methods 

Nitrogen determinations were made on the urine, dried 
feces or aliquot of the mixed food samjjle by tlie macro 
Kjeldahl method. Urinary creatinine Avas determined colori- 
metricallj’- using the Klett-Siimmerson colorimeter. 

The analj^ses of the food samples Avere carried out on an 
aliquot of combined samples of extra meals Aveighed out at 
the regular mealtime. The samples from each day Avere thor- 
oughly comminuted in a Waring hlendor and the contents 
were made up to approximately 3800 ml AAntb measured 
amounts of AA^ater. This mixture AAms sufficiently liquid to be 
pipetted for nitrogen or AAmter determinations. Fat AA'as deter- 
mined by the Soxhlet method on tlio dried residue. 
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TABLE 2 

Tlic composition of the different menun employed. 


BUtMKFVST DINXrC SUPPEE 


Food 

Amt 

Food 

Amt 

Food 

Amt 


f/iii 

Menu I 

ff/n 



Scrambled egg 

35 

Lean roast beef 

So 

Potato soup 

21S 

with diced ham 

10 

French fried 


Margarine 

7 

Hashed brown 


potatoes 

125 

Peaches 

100 

potatoes 

205 

Margarine 

7 



Margarine 

14 

Apricots 

100 



Sugar 

35 






Menu II 


Egg omelet 

54 

Boast pork 

50 

Cold sliced beef 

50 

'ivith diced ham 

10 

Buttered potatoes 206 

Oven browned 


Diced browned 


Margarine 

14 

mashed potatoes 

138 

potatoes 

205 

Apricot whip 

87 

Afargarine 

14 

Margarine 

14 



Peaches 

100 

Sugar 

35 





Menu III 

Scrambled eggs 

45 

Boast veal 

40 

Alashed potatoes 

188 

Pried potatoes 

177 

Baked potato 


with diced 


Margarine 

14 

(no skin) 

200 

roast Iamb 

25 

Sugar 

30 

Margarine 

14 

Alargarine 

7 



Baked custard 

150 

Peach in gelatin 

153 


Menu XV 


Potato cake 

187 

Boast chicken 


Potato salad 

200 

Alargarine 

14 

(4 light and 


Alaigarine 

9 

Sugar 

7 

} dark meat) 

SO 

Apricots 

100 



Alashed potatoes 

188 





Gravy 

65 





Margarine 

9 





Orange sherbert 

166 




Ailditional foods served. 

All meals — ■ Broad 30 gm 

Whole milk 169 gm (I and IV) ; 113 (II and HI). 
Breakfast — Black coffee, 180 gm 

Strained orange juice, 183 gm (I, H, III) ; 19S gm (IV) 
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Tlie diets in the 3 series of tests were calculated to contain 
approximately 12 giu of nitrogen. However, the protein levels 
were somewhat lower during the period when the dehydrated 
foods were fed. The variations in nitrogen determined on 
food samples in the several series are given in table 3. 


T.VBLE 3 

Xitrogcn content of diets as determined anal i/sis. 


SKJans 

MKN'U l 

MKNe ir 

MENU m 

MENU IV 

Series A (fresh) 

5 samples each 

12.88 

(12.30-14.17) 

12.90 

(12.47-13.19) 

11.32 

(10.01-12.28) 

13.G1 

(12.74-14.12) 

Series B (dehy- 
drated) ' 

8 samples each 

11.3G±0.20 

(10.83-12.74) 

10.51±0.37 
( 0.20-12.48) 

10.70±0.23 
( 9.87-12.20) 

12.S82:0.lC 

(12.11-13.64) 

Series C (fresh) ' 
10 samples each 

13.28 ±0.2G 
(12.20-15.15) 

12.99:t0.17 

(12.22-13.73) 

12.54±0.15 

(ll.CO-13.00) 

13.69±0.1S 

(12.74-14.72) 


Tlio values in parentheses are the maximum and minimum values. 

'Includes standard error of the mean calculated as follows -dVii/Va where 
‘^d’^ is the deviation from the mean and *‘n’’ is the number of observations. 


Plan of the experiments 

The subjects were placed on the diets generally for 2 days 
as an orientation period before the collections of urine and 
feces were started. The urine collection was started at 7 a.ji. 
prior to breakfast on each day. No markers were used in the 
separation of the feces and collections were begun simul- 
taneously with those of the urine. It was considered that the 
16- to 32-day iDeriods employed were sufficient to minimize any 
errors to this procedure. 

In the first series of tests carried out from December 3 to 
December 23, 1946, where fresh foods were employed (series 
A), only 3 periods were studied. The first 2 were each of 8 
days dux’ation when fixed amounts of the foods were ingested, 
while the third was an ad libitnm period of 5 days. The second 
series of tests (B), which were made on dehydrated foods 
included three 8-day tests on the fixed diets followed by an 8- 
day ad libitum period (January 6-February 7, 1947). The third 
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series of tests ou fresh foods consisted of four 8-day periods 
followed by an ad lihitxini period of 8 days (Februai’y 1/— 
Ifardi 2S, 1917). 


RESULTS 

Table 4 records the data on changes in body weight as well 
as the figures on which protein and water exchanges are based. 
The results are the averages of 8 subjects for series A and B 
and for 7 for most of period C. One subject (no. 8) was trans- 
ferred from the hospital so that he was no longer available 
for the third series of test|; another subject (no. 4) became ill 
during period IV of series C. However, since urinary 
creatinuie was normal up to this period and no albumin or 
sugar appeared, the earlier data are included in the averages. 

In spite of the fact that considerable losses in weight oc- 
curred during each period, the men were able to recover most 
of their weight during the ad libitum and the rest periods 
between series A and B and series B and C. The 2000 calorie 
level sufficed to maintain weight equilibrium with the shorter, 
lower weight subjects but was quite inadequate for 3 of the 
men who were tallest and heaviest. 

The protein level was sufficiently generous so that the men 
were in positive nitrogen balance during all periods. The 
urinary nitrogen was somewhat lower during the periods 
when dehydrated foods were fed which is probably largely 
accounted for by the lower protein intake. Fecal nitrogen was 
quite constant throughout and gave identical averages in the 
periods with fresh and dehydrated diets. Although consider- 
able fluctuations in urinary creatinine occurred in individual 
subjects from day to day, the average values for each period 
are quite constant for each subject. The variations may in 
part be related to variations in the intake of creatine since the 
different moats used certainly contamed varying quantities of 
creatine. The average creatinine excretion per day was found 
to be identical on the fresh and dehydrated diets. IVe believe 
the creatinine fluctuations were not due to failure to secure 
quantitative collection of the urine. 
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T}ie digestibility ot' the fat was cakulated by tbe metliotls 
usually employed (Laugsvovtliy, ’23). Correction was made 
for the metabolic fat according to tlie procedure of Lang- 
worthy and Holmes ( ’15) . The pertinent data are summaidzed 
in fable o. 

table 5 


Siimimry table of the fat invested and the coeffeient of digestihilitij 
011 3 malo sidiject^. 



>KRIKS 0>’ 

TT^STS 


yAT m (lit PEU 8*DAY PEKIOD 

COE men: NT 


Bateii 

Total in 

^letabolic 
fat » 

Feces fat 
(coirecked) 

or 

PIGESTnJXl.lTV = 

A. 

Presh 

(529/2)* 

22/2 

10.S 

1L4 

98.0 

(96.0-99.5) 

B. 

Bcliydrated 

o55.S 

is.e 

10.5 

S.l 

9S.5 

(95.0-100.0) 

a 

Presli 

520.2 

16.3 

9.2 

7.0 

98.7 

(96.3-100.0) 


^ 'Weight of dried, feees X 0,09S9. 

^Tli 0 values in parentheses indicate the range of the results obtained, 

^ Based on the values determined in series C where the same diet was employed. 


The average wet and dry vreights of the stools are included 
in table 6, along with the nitrogen analyses. These are pre- 
sented as evidence that on uniform diets, considerable dif- 
ferences in bnik and dry weight of the stools obtain hetw^een 
different subjects. Horeovev, there would appear to be a fair 
degree of uniformity in the nitrogen content of the stools in 
any one subject but marked variations in the nitrogen levels of 
the stools from diffei’ent individuals. 

The exjierhneuts where ad lihifuin periods wei’e employed 
were designed to get objective infonnation as to the accepta- 
bility of the fresh and dehydrated foods. These data are 
summarized in table 7. Because period A lasted only 5 days 
while B and C were for the standard 8-day interval, the 
response of the subject is calculated as the percentage addi- 
tional rations consumed during the period. The prerdons effect 
of monotony is balanced since hvo and four 8-day imriods 
preceded the ad libitum periods in series A and C, respee- 
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1-7 437.1 473.3 448.1 103.5 108.7 100, 
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TABLE 7 


The extra rations requested and eaten during the ad Uhitum period while 
receiving the fresh food diet (A. or G) or the dehydrated food diet. 




pEEonxr-iGn nxmi ration's eatc?*’ 

srBjxcrr >ro. 

A 

C 

B 

Avera:;e 

A + C 

1 

30 

52 

50 

41 

2 

15 

11 

23 

13 

3" 

0 

— 25 

—25 

--12.5 

4 

0 

0 

4 

0 

5 

40 

24 

64 

32 

6 

40 

37 

35 

38 

7 

0 

0 

0 

0 

S 

20 

. , 

38 

20 

9 = 


44 

•• 

44 

Subjects 

Average 1 

i 2, 3^ 4, 5, 

6,7,8 

31 

21 

^ Subject bad gained 

weight and preferred to eat less. 

Since an opportunitj' for 

a reduced intake was 

not given 

for period A, 

these results are not included in 


average, 

^Omitted from the average siDce no comparison rvaa available on diets with 
dehvdrated foodS/ 


tirely, compared "with three S-day periods preceding the ad 
libitum period in series B. 

DISCtTSSIOX 

The present experiments indicate that food dishes prepared 
from dehydrated products may have as high a degi’ee of ac- 
ceptability as those made from fresh foods. This does not 
entirely agree with the experience of the army where diffienlties 
in some eases occurred when such processed foods were used. 

There are 2 possible explanations for the above discrepan- 
cies. In the first place the qualit\- of the dehydrated foods 
now available and which we used must in general be higher 
than m the eazly war years as a result of the vast amount of 
experience in such processing. Moreover, the products we 
employed were quite fresh and in no case showed any deteri- 
oration. Likewise, methods of preparation which proved to he 
entirely adequate for limited quantities of material in some 
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cases Avould be unsatisfactory witliout modification for the 
amounts needed tor an army mess. In testing out recipes for 
deliydrated potatoes in the present tests, excellent results 
Avere obtained in pilot experiments; lioAvever, Avlieii the same 
proportions and methods of preparation Avere employed for 
the larger amounts required for the diets, failure resulted. 
Ihe procedures had to be entirely changed before the products 
pi Cleared on the larger scale had an edibility Avhich compared 
faAoiably Avith those cooked in tlie pilot experiments. 

One criticism that has been leveled against dehydrated 
foods is the lack ot satiety \'alue. This criticism Avas not borne 
out in the present experiments althougli we IniA’e no objective 
tests to report on it. HoAvever, the remarks of the subjects 
and the ansAvei’s to questions indicated tliat the diets prepared 
from dehydrated foods Avere equally satisfying to them as 
those piepared from the fresh foods. Although such data 
aie not quantitatiA^'o, there is e\ddence from more recent tests 
that Ave might ha\^e expected to experience an immediate 
1 espouse from the men had the diet not been satisfactoiy from 
the standiooint of satiety. When the potatoes were replaced 
by biead but the same number of calories administered, the 
men complained repeatedly over the several weeks that the 
experiments Avere characterized hy continued liunger (John- 
son and Deuel, ’47). 

The digestibility of the diets shoAvs no differences ascribable 
to the type of food used. The nitrogen loss in the feces Avhich 
is generally considered to be largely present in the bacteria 
Avas identical in the 2 types of diets, being 0.84 and 0.83 gm, 
lespectively, Avhen the fi'esli or dehydrated diets Avere fed. 

The digestibility of the fat in the 3 series of tests Avas 
found to be especially high. The aA^’erage in both series Avas 
98% or higher Avhere an average of over 60 to 70 gm of fat 
Avas consumed daily. Since the fats Avere primarily made up 
of margarine fat, cream and egg yolk fat Avith minimal 
amounts of the meat fats, the high digestibility is not un- 
expected, The values previously reported for the digestibility 
of egg yolk fat in man are 93.8 (Lang-Avorthy and Holmes, ’17), 
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for cream, 96.9 (Langwoi-tliy and Holmes, ’17) ar.d for 
margarine fat, 97.2 (Deuel, ’46). It is tlierefore evident tlmt 
as satisfactory fat utilization obtains with the dehydrated 
diets as with the fresh ones. 

Although no determinations were made of the digestibility 
of other foodstuffs, the unifomity of the dry weight of the 
feces in the 3 series of tests would seem to offer evidence of 
the nuifoi-mity of assimilation of the other foodstuffs on diets 
prepared from dehydrated and fresh foods. 

Another indication of the relative nutritive value of the 
2 types of diets may be gleaned from the urinary nitrogen 
levels. The average value of 9.54 gm daily for the samples 
from the subjects during period B is considerably lower than 
the average of 10.34 gm per day for the subjects who received 
the fresh food diet (periods A and C). However, tliis slightly 
lower figure in the former ease must be the result of the 
lowered consumption of protein when eating the dehydrated 
diets. Although the positive nitrogen balance is considerably 
liigher for the subjects receiving the fresh food diet as con- 
trasted with the period when they I’eceived the dehydrated 
diets, it is believed that this is to be attributed largely to the 
higher level of protein fed. 

One of the best indices of nutritive value of a food is its 
ability to maintain body weight in the adult. Since the food 
intakes in most eases were too low to allow a ealoi-ie equi- 
librium a gradual decline in weight occurred during the ex- 
perimental pei'iods. The avex’age loss of weight after 21 days 
on the dehydrated foods diet (3.05 lbs.) was certainly not 
gi-eater than that after an equal interval on the fresh food 
diets (3.18 lbs.). 

Although the water balance does not include any figures for 
the water obtained by the combustion of foods nor does it 
allow for the loss of water by "insensible perspiration,” there 
is no evidence of an upset in the pathways of excretion of 
the water. The slightly greater positive water balance in the 
dehydrated series (700 v.s. 548 gm) may be explained on a 
somewhat higher water intake (94gm)*and the lower excre- 
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tiou in the urine in that series. The lower urine volume might 
be explained because of the lessened diuresis which resulted 
from the lower urea excretion. 

Stool bulk as well as the dried weight of the feces were 
approximately the same in all 3 series of tests, ^larked varia- 
tions in the quantities excreted by dilYerent sv:bjects were 
noted. Three subjects (2, 3, 7) consistently e.xcreted between 
4:75 and 600 gm of stools during the 8-day interval while 2 
other subjects (4, 8) had a maximum stool weight under 
300 gm. Similar variations in dry weight are to be noted. 
In general, the samples which weighed the least were those 
containing the lowest percentage of nitrogen wliile the high 
values in nitrogen were generally associated with a large 
production of feces. 

It would also appear from the data presented here, that the 
same subject on a uniform diet excretes a stool with fairly 
uniform nitrogen content. The maximum value for nitrogen 
obtained in subjects 4, 5 and 8 was 6.0% while the mininnun 
nitrogen level in subjects 1, 3, 7 and 9 was 6.0%. 

One must conclude that by the methods available for evalua- 
tion of nutritive value in human subjects, namely digestibilit}', 
urinary nitrogen, stool bulk, weight retention and accepta- 
bility, dehydrated foods compare satisfactorily with the 
comparable fresh foods. 


SUMAHVRY 

1. Prolonged feeding tests were made on 8 male subjects 
Avitli fresh food diets and comparable diets made from- de- 
hydrated foods. 

2. Protein and fat were equally well digested in the diets 
made from dehydrated and fresh foods. Although the positive 
nitrogen balance Avas someAvhat higher on the fresh food diets, 
it is probably due to the someAvhat higher level of protein in 
those tests. Considerably loAver urinary nitrogen values Avere 
obtained on the diets of the dehydrated foods than on those 
made from fresh food. Losses in body Aveight on the 2000 
calorie level Avere similar on the 2 types of diets. 
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3. The average loss of nitrogen in the feces vas identical 
on the diets of fresh and dehydrated foods. 

4. No altei-ations in the pathway for the metabolism of 
water were found. 

5. The acceptability of the dehydrated food diet as detei*- 
mined by ad lihitum tests was equally good in the fresh and 
dehydrated foods. 

6. Stool bulk showed wide variations between the different 
subjects but was .relatively constant on any one subject 
irrespective of the diet. 

7. Considerable uniformity was noted in the nitrogen per- 
centage in the dried stools from any one subject on a fairly 
constant diet although marked variations were noted in the 
values obtained on the stools of the different subjects. 

8. A slightly positive nitrogen retention was observed in 
subjects I’eceiving the diets prepared from the fresh or de- 
hydrated foods in spite of the fact that they were losing 
body weight because of low caloric intake. 

9. It is concluded that the diets made from dehydrated foods 
may be equally as nutritious as those prepared from fresh 
foods. 
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THE THIAillXE AXD EIBOFLA'SnX CONTEXT OF 
TOOLE TOEAT, XOXEXEIOHED AND BX- 
EICHED FLOUES AXD OF BEEADS 
MADE THEEEFEOM 

X. B. GUERKAXT AXD O. B. FARDIG ’ 

Department of Agricultural and Dialogical Chemistry, 

The Pennsylvania State College j State College 

TWO FIGURES 

(Keeeived for publication July 5, 1947) 

Tlie cereals have long been regarded as vei'y important 
constituents of tbe bimian diet, especially that of low-income 
peoples. In many connti’ies, tbe process of preparing wheat 
for human consumption has changed greatly during the past 
century. With these changes in pi'ocessing or milling prac- 
tices, there has arisen some concern as to the probable effects 
of modem milling methods on the nutritive value of wheat 
products.. Of special concern has been the effect of the milling 
process, in the production of white flour, in removing certain 
portions of the wheat beri-y which are high in essential vita- 
mins and minerals. The nutritional virtues of whole wheat 
flour and so-called dark breads, as contrasted to those of white 
flour and white bread, have been proclaimed by numerous 
adherents. LikeTOse the superior keeping qualities, the 
greater public acceptability, more desirable baking proper- 
ties, and other characteristics of white flour have been simi- 
larly propounded. Suggestions have been advanced as to how 
the nutritive value of white flours may be improved by incor- 

* Xow associated with the Bristol Laboratories, Syracuse, Xew Tork, 
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porating iii (heni, or in tlie broads made tlierefrom, certain 
vitamins, minerals and protein .snpplements,- 
Among Die more recent publications ot‘ experimental work 
cea ing Asitli \arions coniiiarisons of whole wheat Hour ami 
enriched white flour is that of Westerman and Bayfield (’45) 
10 s IK lec the B-complex vitamin content when these prod- 
nc s constitnted 30 to 50^^ ol the diet of the test animals. 

use s IK los included tloiirs enriched in accordance with the 
previous standard as well as in accordance with the pre.sent 
standard, and it was found that whole wheat was a better 
source ol the B-complex vitamins tban was either the “Morris 
>pe 0111 01 the white tloiir which had been enriched on the 
asis ® standard Avhen these products consti- 

u ec 0 0 Y( oi the diet. At the 30^;^ level of feeding, the 
whole wheiit was foiind to be slightly better than white fioiir 
that had been enriched in accordance with the present 
standard. M' hole wheat and enriched flour were found to 
promote the_.same rate of gi-owth when fed at the 40% level, 
Avhile at the u0% level enriched flour iiromoted a faster rate of 
growth than did whole wheat. 

The anthor.s failed to offer an explanation as to whv whole 
wheat, when fed at the 30% level, supported better growth 
in la s t lan did the Avhile flour which had been enriched ac- 
cording to the present formula, while at the 50% level of 
feeding the enriched flour iiroduced greater gains in body 
weight than did the whole wheat. From the above report 
It would appear that either the flour whicli bad been enriched 
accoiding to the piesent standard contained dietary essen- 
tials not present in the wheat berry or that the natural vita- 
mins (thiamine and riboflavin), although present in the whole 
wheat in somewhat lower concentration, were utilized more 
efficiently than were the synthetic vitamins added in the en- 
lichment 2 Diocess, especially when the wheat and the flour 


>A literature resume (Mouograpli) by Dunlap “White versus Brown Flour” 
was published in 1945. The enrichment of white Hour and white bread in the 
United States began in 1941, and an e.xcellent review mav be found in tho 
National Besearch Council publication, Bulletin no. 10, November, 1944, “En- 
richment of Flour and Bread — A History of the Movement.” 
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were incorporated in tbe diet at or near the ei'itical level 
(30%). 

From reported researclies it is difficult to determine the 
validity of many of the conclusions that have been drawn 
regarding the relative nutritional merits of whole wheat, white 
flour and enriched white flour. This is partly due to the fact 
that the origin of the wheat and of the flours has not been 
stated in some instances, and where this information has been 
given it was obvious that frequently the flours under investi- 
gation had not been made from the wheat to which their 
nutritive value was compared. 

It appears that the most reliable basis on which to compare 
the relative nutritive values of whole wheat and wheat flours 
would he to have all products under investigation come from 
the same natural source; in this instance, from the same 
wheat. It also appears that a study of this particular type, 
especially when wheat and flours of the same origin wei'e 
involved, would not he complete unless the investigation also 
included similar studies with breads made from the wheat 
and the flours in question. 

The studies reported at this time were conducted with the 
vieiv of ascertaining the effectiveness of the present emlch- 
ment practice in supplementing the thiamine and the ribo- 
flavin content of white flour and also how much of these vita- 
mins is retained by breads made from the wheat and from 
these flours when the breads are made in accordance with 
standard baking procedures. These studies have involved 
only the type of enriched flour produced under the present 
enrichment formula which has been in effect since October 
1, 1943. 


EXPERIAIENTAL 

Materials tested 

As basic materials for use in the investigation, 200 lbs. 
of each, whole wheat, nonenriclied flour and enriched flour. 
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Hom- had 

r tlirougli the usual coimnereial 

Oiif n r ^ enricliin- of tlie flour liad been carried 

^onTld 2.32-. nitro- 

basis) Tlio'u 2.08% nitrogen (moisture-free 

tbendof. ^'/‘S ot 62% e.xtnietion. The whole wheat, 

tl e nonennehed white flour, and the enriched white flour were 

am transferred to air tight eontainens 

Dorafti • I ‘*H ^ «>• 

the wholn 1 f "-''P«*-““ental diets. As it was used, 

meant! nf o‘ound to a high degree of fineness by 

means of a power drivoii mill. 

? there have been arguments presented in favor 

hf fnvn 7" 1 7 arguments 

of flmiT bread was made from a mLxture 

enibP 30% whole wheat flour and 70% non- 

enuched white flour. The milk bread was made by incor- 

(non-fat) in k bread 
nos;ti7/V^7H" r ^ ”onenriehed flour. The com- 

,t77 1 IT ingredients to form a 

heaxT dough. The doughs were made into appro.ximatelv 

Jan”]? manner for 25 minutes at 

. ""ns earned out in a local bakery operating under 
commercial conditions. 

The baked breads were removed from the oven, taken im- 
mediately to the laboratory and weighed. The breads were 
len crumbled and subjected to preliminary dehydration by 
being exposed to air at room temperature. The' final dehv- 
dration was carried out by allowing the breads to remain 
overnight m a large hot air oven operating- at 160-162°F. 

The dried broads were ground, placed in air-“tight containers 

;The authors wish to acknowledge the cooperation of General Mills, Inc., 
Mmneapohs, Minnesota, and Merck and Co., Inc, Bahway, Xew Jersey, in .naking 
these studies possible. 
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TABLE 1' 


Composition of breads. 


comvokii5;t& 

WHOLE 

WHEAT 

feREAB 

BRIUVD 

ENRICnED 

ORRAO 

DARK 

iJRtUD 

MILK 

BREAD 


lb«. 

lh«. 

lb«. 

iht. 

lb*. 

Eluuir 

25.0 

2o.O 

25.0 

25.0 

25.0 

Sugar 

1.0 

1.0 

1.0 

1.0 

1.0 

Salt 

0.5 

0.5 

O.o 

0.5 

0.5 

Shorteniug (Crisco) 

0,5 

0.5 

0.5 

0.5 

0,5 

Yeast food 

0,1 

0.1 

0.1 

0.1 

0.1 

Milk powder (skim) 
Msilt syrup 

2.0 ot. 

2.0 oz. 

2.0 oz. 

2.0 oz. 

1.5 

2.0 oz. 


Water was added to the above iagrediewts io. a sutncient amount to form a heavy 
dough. The dough was made into apptoxiiaatelT pound ioaves and baked in the 
usual manner for 2 d minutes at Ta\s was ear»'\ed out through the co- 

operation of a local bahery opetatiug under commercial baking procedure. 


and stored at approximately 36°F. until incorporated in tlie 
various diets. The changes in the moisture content of the 
various breads during baking and dui-ing subsequent drying 
are indicated by the data presented in table 2. 

Plan of testing 

Since the preponderance of evidence indicated that the pre- 
war American diet contained approximately 30% of its cal- 
ories m the form of cereals, this percentage o^ered the basis 
for incorporating the ground whole wheat, the nonenriebed 
flour, the enriched flour and the breads made from these 
produets in the various diets in order to compare their rela- 
tive thiamine and riboflavin content. Hence the ground whole 
wheat and the white flours were incorporated in the diets 
at a level equivalent to 30% of the original flour. This was 
done by taking into consideration weight changes due to added 
ingredients other than flour and to moisture additions and 
losses. The ground wheat, flonrs and breads replaced an equal 
weight of sucrose from the basal diet. All diets were made up 
at frequent intervals and rvere stored at until used. 

The percentage composition of the 9 hasal diets employed 
as well as the amounts of B-vitamm supplements used are 


\i(h (hirino bakiuo and .Sithscqucni dry in 
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given in table 3. The vitamin supplements other tlian thia- 
mine, riboflavin and niacin were incorporated directly iii the 
diets, while thiamine, riboflavin and niacin were fed sepa- 
I'ately. The thiamine, riboflavin and niacin contents of the 
floux's, breads and diets wei’e determined at I’egular intei'vals 
during the course of the feeding tests. In cariying out these 
assays, thiamine was determined in the enzjnne digested 
exti’acts by the method of Conner and Sti*auh ( ’ll), riboflavin 
by the Snell and Strong microbiological method ('39) except 

TABLE 3 


Percentage composition of the basal diets employed. 


DIET XUitBEE 

1 

0 

3 

4 

5 

6 

7 

3 

9 

InoTtiUenU 










Purified casein 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

0 

0 

Salt mixture 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Hydrogenated cotton- 










seed oil 

8.0 

8.0 

S.O 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

Cod liver oil 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2,0 

Cell-Tj-Flour 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Sucrose 

64.0 

34.0 

34.0 

34.0 

34.0 It: 

34-0 in 

34.02= 

34.0=2 

34.0rt; 

Whole wheat flour ^ 


30.0 








Xonenriched flour * 



30.0 







Enriched flour ^ 




30.0 






Whole \\heat bread 





SO.On 





Xonenriched bread * ' 






30.0 ± 




Enriched bread ' ^ 







30.0=2 



Hark bread 








30.0=t: 


Milk solids bread * ' ^ 









30.0 n 

Other B'vitamins * 




-f 


-r 

-2 

f 

-f 


All breads were included in tlie diets on the basis of content of original flour 
(30% of flour in the diet)*, the differences in weight between bread and flour being 
compensated for by adjusting percentage of sucrose. 

"Wade from 30 parts of whole wheat flour and 70 parts nonenriched flour. 

* Contained 6 parts of skim milk solids. 

* Supplemented with 200 pg p^Tidoxine hydrochloride, 800 Mg Ca pantothenate, 
100 mg choline chloride, 4.0 mg p-aminobenzoic acid and 4.0 mg inositol per 100 

of diet. 

- The thiamine, riboflavin and niacin contents of these flours and breads (in 
%)» in the order listed, were as follous: thiamine — 0.43, 0.06, 0.46, 0,39 0.07 
0,43, 0.12 and O.OS; riboflavin — 0.09, 0.03, 0.29, 0.08, 0.02, 0.24, O.O4 and* 0.14;’ 
iiiaciu 3.52, 0,69, 3,97, 3.5S, 0.66, 3.76, 1.39 and 1.09, respectively. 
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that the concentrations of glucose and of sodium acetate in 
the finally diluted medium were increased to 2.0 and 2.6%, 
respectively, as suggested by Stokes and ilartin (’43), and 
niacin by the Krehl, Strong and Elvehjem ( ’43) modification 
of the Snell and Wright method ( ’41). 

Diet 1 served as the control since it was essentially free 
of thiamine, ribofiavin and niacin but contained all of the 
other dietary ingredients known to be required l)y the grow- 
ing rat. Diets 2, 3 and 4 contained the flours while diets 5, 
6, 7, 8 and 9 contained the breads made from these flours. 

TAUI.E -1 


Amiltfsh of diets. 


DIET 

NO. 

MOlh* 

TUr.E 

A*>II 

LTlIEn 

EXTRACT 

CRUDE 

KIIIEU 

I'KOTKIN 

(N X 0.25) 

N.E.K.* 

VITAMIN CONTENT 

Tliia- 

niine 

Kibo* 

llavin 

Xi.T- 

cin 


Vv 

^/o 


rc 

Vo 

'c. 

1/1 i/ Vc 

wa Vo 

mg Vo 

1 

1.4G 

3.25 

9.94 

1.25 

1G.88 

67.22 

0.00 

0.02 

0.03 

2 

4.95 

3.74 

10.96 

2.09 

21.56 

56.80 

.14 

.05 

1.11 

3 

4.31 

3.33 

10.14 

1.2G 

20.93 

60.03 

.02 

.03 

.26 

4 

4.83 

3.2G 

10.59 

1.20 

21.06 

59.06 

.14 

.12 

1.36 

5 

2.21 

3.8G 

12.51 

2.00 

21.44 

57.98 

.11 

.04 

1.20 

6 

3.04 

3.4G 

11.17 

1.19 

21.50 

59.64 

.02 

.02 

.19 

7 

2.53 

3.5G 

11. G8 

1.28 

21.06 

59.89 

.13 

.10 

1.16 

8 

2.19 

3.99 

11.42 

1.S4 

20.88 

59.68 

.04 

.03 

.45 

9 

2.84 

4.71 

11.25 

1.37 

21.25 

59.58 

.03 

.06 

.33 


‘ Nitrogen-freo extract. 


The compositions of the 9 diets as well as their average 
thiamine, riboflavin and niacin content, as revealed by 
analyses, are given in table 4. Each of the 9 diets was fed 
unsupplemented, supplemented with .riboflavin and niacin, 
with thiamine and niacin, and Avith thiamine, riboflavin and 
niacin. AWiile no beneficial effects were expected as the 
result of the niacin suijplementation, this vitamin was in- 
cluded among the supplements so as to approach conditions 
comparable to those found in whole wheat flour or in enriched 
flour. In carrying out the supplementation, the thiamine, ribo- 
flavin and niacin were dissolved separately in a 10-90% 
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alcohol-water solution and were fed daily in the following 
amounts : 13.2 pg, 8.0 pg, and 105.7 pg, respectively. These 
dosages were calculated to he the equivalent of the intake 
of these vitamins when the test animals were subsisting on 
the enriched flour diet and were consuming, on an average, 
10 gm of the diet daily. 


Test animals 

All test animals employed in the investigation were taken 
from our breeding colony. A total of 38 experimental groups 
comprising 450 young rats were used. Thirty-seven of the 
experimental groups contained 12 animals each (6 males and 
6 females), while the remaining group consisted of only 6 
animals (3 males and 3 females). The animals of this latter 
group [group 1 (2d)] received the control diet supplemented 
by a double portion of the 3 vitamins. 

The young rats were taken from the breeding colony when 
they were 21-23 days of age, at which time their weight ranged 
between 40 and 45 gm (average 43.3 gm). The animals were 
placed directly in individual all-metal cages wliieh were pro- 
vided with raised screen floors (2 meshes per inch) and were 
subjected to a 2-Aveek adaptation period. During this period 
each animal received distilled water and a liberal allowance 
of the control diet (diet 1) vdthout the supplement of thia- 
mine, riboflavin and niacin. At the end of the 2-Aveek adapta- 
tion period, the animals were distributed into experimental 
groups while taking into consideration the usual precautions 
to distribute litters, sexes and body weights unifonnly through- 
out the various groups. Since the total number of test animals 
involved was considerable and could not be readily handled at 
one time o^ving to other phases of research in progress, the 
feeding tests were divided into 2 compai’able series, and 
m consequence, only one-half of the animals eompi-ising each 
experimental group was placed on experiment at one time. At 
the conclusion of the first series of tests, a second and similar 
series of feeding tests was conducted. 
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In all of these tests the diet was fed ad libitum and dean 
distilled water was kept hefore the animahs at all times. The 
thiamine, riboflavin and niacin supplements were fed in sup- 
plement cups independent of the test diet. Daily observations 
were made for the purpose of deteetiujj early indications of 
tliianiine and riboflavin deficiencies. A careful record was 
made of individual food consumption and of changes in body 
weight. All animals remained on experiment for 8 weeks 
(exclusive of the 2-week adaptation period) unless death in- 
tervened. 

D.VT.V 

The data obtained in the 2 series of feeding tests have been 
gathered together and reduced to tabular and graphic form 
and are presented in tables 1 to 4 and in figures 1 and 2. 

DISCUSSIOX 

Response of rats receiving the control diet 

During the first 7 days of the 14-day adaptation period, the 
test animals consumed, on an average, 32 gm of the thiamine- 
riboflavin-niacin free diet (diet 1, table 3) and made favorable 
growth responses (average of 7.3 gm). However, the response 
during the last 7 days of the 14-day period was remarkably 
different. The overall average food consumption was only IS 
gm per animal and more than 80% of the rats either failed 
to gain in weight or lost weight. The average net weight 
change for the 450 test animals during the 7-day period was 
a loss in weight of 1.5 gm per rat. IVlrile cessation of growth 
at this time was apparently due to thiamine deficiency, no 
outward appearance of such a deficiency was evident other 
than loss of appetite and cessation of growth. At this time 
the test animals were distributed into the several experimental 
groups. 

Fig. 1 The averiige food consumption and the average groAVth response of 
those groups of rats which received the control diet (diet 1) and the Hour- 
containing diets (diet 2 — whole wheat Hour; diet 3 — nonenriched flour; and 
diet 4 — enriched flour), unsuppleineuted and supplemented with riboflavin and 
niacin, with tliiamiue and niacin, and udth tliinmine, riboflavin and niacin. 
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Those animals which were continued on the basal diet and 
^vhich I’eceived a supplement of idboflavin and niacin [group 1 
(^)> 1] niade a very slight growth response during the 

fiist week of supplement feeding. However, the response 
was only temporary in that the animals constituting the 
gioup again declined in weight and all succumbed befoi*e the 
end of the sixth week ot the test period. These I’esults served 
to confirm our expectation that the basal diet was reasonably 
deficient in thiamine. When a similar group of animals re- 
ceived the thiamine-niacin supplement [group 1 (b)], a slow 
but consistent growth response resulted which continued 
thi oughout the first 6 weeks of the test period. This indicated 
that the basal diet either contained measurable amounts of 
liboflavin or that the body stores of riboflavin had not been 
completely eliminated during tJie 2-week adaptation period. 
Since the test animals did not continue to grow during the 
last 2 weeks of the test period, the authors are inclined to 
believe that the prolonged growth was due to the latter 
condition. 

The group of rats which remained on the unsupplemented 
control diet [group 1 (c)] continued to lose weight, and all 
were dead by the end of the seventh week of the test period. 
However, since the animals comprising this group lived some- 
what longer, on an average, than did a comparable group of 
animals subsisting* on the same diet but receiving the ribo- 
flavin-niacin supplement, it appears that the feeding of 
additional amounts of 1 or more vitamins may accentuate 
the deficiency symptoms arising from lack of another vitamin. 
Similar observations have been made frequentlv' during the 
past several years in connection ^vith other types of vitamin 
studies (Guerrant et ah, ’37). 

When the control diet was supplemented with thiamine, 
riboflavin and niacin [group 1 (d)], an immediate growth 
response resulted which continued throughout the test period. 
The animals of this group gained an average of 86 gni during 
the 8-week period and appeared to be in a reasonably good 
state of nutrition at the completion of the feeding test. Since 
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Westevman and Bayfield ( ’45) Imd found tlmt flour enviclied 
in accordance "with the present formula, nvUou fed at the oO^c 
level, did not produce optimal growth in young rats, the 
question remained as to whether the suboptimal growth 
was due to further deficiencies of thiamine and riboflavin or to 
other characteristics of the expei'iinental diet. In conseqiience, 
the second group of young rats (only 6 animals) receiving the 
control diet was given a double allowance of the thiamine- 
viboflavin-niacin supplement, IVhile these animals [group 1 
(2d)] made increased growth responses (15 gm per week) 
as the result of receiving the additional allowance of vitamins, 
they did not attain the growth rate of young rats subsisting on 
our breeding colony diet (group 1) during the same period 
(19.3 gm per week). Whether further supplementing of the 
diet with thiamine and riboflavin would have brought about 
additional improvements in the growth rate cannot be stated 
inasmuch as additional tests were not made. However, the 
data obtained are sufficient to show that the primary de- 
ficiencies in the control diet used in the present studies, insofar 
as limiting growth in young rats, were those of thiamine and 
riboflaviu. 

Responses obtained with the floii>'-co)itaining diets 
(diets 2, 3 and 4 of table 3) 

When 30% of freshly ground wheat was incorporated in 
the control diet in place of a similar weight of sucrose (diet 
2), definite improvement in the growth rate resulted [diet 
2 (c), fig. 1]. All animals comprising the expei'imental group 
responded immediately to the change in diet and grew con- 
tinually during the 8-week test period. While the growth rate 
was not optimal (average of 6.4 gm per week) the results 
demonstrated that the ground wheat used in these stndies, 
when incorporated in the ration at the 30% level, fuimished 
sufficient thiamine and riboflavin to sustain life and to support 
a slow but consistent rate of growth. When this latter diet 
was supplemented with riboflavin and niacin [group 2 (a)] 
good growth resulted (129 gni in 8 weeks) and the animals 
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appeared to be in excellent condition at (lie end of the test 
period. Although the tliianiine-niacin .supplement proved less 
effective in promoting growth in young rats [group 2 (b)] 
subsisting on this diet than did tbe riboflavin-niacin supple- 
ment, the animals did respond to the former supplement and 
grew at an average rate of 9.0 gm jior week in comparison 
with 6.4 gm gains made by coiujiarable animals receiving the 
unsupplemented diet. This would suggest that 30% of ground 
whole wheal, when used to replace an equal weight of 
sucrose from the control diet, did not furnish adequate thia- 
mine for optimal growth and that additional growth could 
be brought about by feeding a thiamine supplement. How- 
ever, when the whole wheat flour diet was supplemented wth 
thiamine, riboflavin and niacin [group 2 (d)] no greater in- 
creases in body weight were obtained than those observed 
without the thiamine supplement. Under the conditions of 
these experiments the feeding of the thiamine-ribotlavin- 
niacin supplements did result in a slightly improved growth 
rate during tlie first 5 Aveeks of the test period, but this ad\’an- 
tage disappeared during the next few Aveeks. AYhile this latter 
observation remains unexplained, the data obtained in this 
pihase of the iiu’estigation confirm jn'evious reported ob- 
servations that ribotlaAdn deficiency is of primary considera- 
tion where AA'hole Avheat and Avheat products are concerned. 

G-roAvth studies AAoth diets containing 30% of nonenriched 
flour, unsupplemented and supplemented Avith riboflavin and 
niacin, Avith thiamine and niacin, and Avith thiamine, riboflaA'in 
and niacin [groups 3 (a, b, c and d)] yielded results AA'hich 
proA’ed to be remarkably similar to those obtained under com- 
parable conditions Avhile using the control diet. PIoAvever, 
there aa'us evidence that the diet carried someAvbat more thia- 
mine and definitely more riboflavin as the result of including 
the 30% of nonenriched flour. Here again the rats recehang 
the riboflaAdn supplement, in the absence of thiamine, died 
at an earlier date than did comparable animals AA’hich did not 
receive the riboflavin. 
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^Vlien 30% of enriched fioiir replaced an ecpial weight of 
sucrose from the control diet, satisfactory growth responses 
were obtained both with and without additional vitamin sup- 
plements [groups 4 (a, b, c and d)]. In fact more favorable 
growth was obtained in all 4 instances than was obtained 
under comparable conditions of experimentation in which 
the diet contained 30% of ground whole wheat. Here again 
the thiamine supplement proved less effective in promoting 
additional growth than did riboflavin. In regard to the data 
presented in figure 1, it is of interest to note the consistent 
relationship between food intake and growth. 

Responses obtained with bread-containing diets 

Growth studies with diets containing the breads in amounts 
ecpiivalent to 30% ground wheat or 30% of the flours from 
which the breads were made (diets 5, 6, 7, 8 and 9, table 3 and 
fig. 2) yielded data which were remarkably similar to those 
obtained with the previously described flour-containing diets 
(fig. 1). In most instances, growth was slightly greater on 
the bread diets than on the corresponding flour-containing 
diets. [Mortality was also lower among the thiamine-deficient 
bread-fed animals. These apparent differences in nutritive 
value of the flour and of the bread-containing diets may, per- 
haps, be attributed to 2 possible factors, namely, to the more 
readily accepted bread diets and to the probable addition of 
vitamins or other growth stimulating nutrients in connection 
with the making of the breads. In regard to the fonner pos- 
sibility, it can be definitely stated that in 9 of the 12 com- 
parisons, the bread-fed animals consimied on an average 
more of the diet than did the flour-fed animals, while in 2 
comparisons the amount of diets consumed by the 2 groups 
of animals was the same, and in one comparison the bread-fed 
rats consumed slightly less food than did the flour-fed animals. 
As to the latter possibility, it is recognized that traces of 
thiamine and riboflavin may have been added to the bread- 
containing diets by incorporating small amounts of yeast food. 
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malt syrup and live yeast culture in the bread mix (table 1). 

o • Hhnf? v‘‘, any more thiamine 

tahmrf , r mclicate that the breads had sus- 

cfbal-iuJ" vitamins apparently as the result 

to feedim--^ other preparatory measures preliminary 

•iiu/dtr ''’'“'/I"® ’^i-Gad diet [groups 5 (a,.b, c 

no ^t -Ti . thiamine was present to sup- 

in o-rowth oaly a slight improvement 

other wr^ additional thiamine was fed. On the 

MdtTnt 1 ’-il ; supplemented with riboflavin, 

containiTio- V t ’ Ufi " corresponding flour- 

containiim the l' -p i animals which received a diet 

6 la b c an 1 111 ^ f^’om the nonenriched flour [groups 

mdmi Tl- “"T ^-'0 than die? those 

rrih Z7 % ‘-^^Ponses obtained 

mented wei "“^oPPloaiented and supple- 
mented, were remarkably similar. ^ ^ 

madt%®mnTtl“* ™‘- contaiubg the bread 

rDDlir,. r*' "’ilb vitamta 

mately the same rate as did the animals reeeivino the cor- 

“2 of”', « • a' ‘’-ta clearly °shoa that 

adeouate fo added throngh enrichment was not 

mad^ tT'T ^ aariclcd Aour or the 

30r1ewfs,» , T ““‘■P“™‘ea in the diet at the 

fnrW,ed flo ® P-'Pacat in the 

ennehed flour was somewhat greater than that found iu the 

whole wheat or the whole wheat bread. 


Fig. 2 The average food cousumption and the nvoroo- .Lt ^ 

groups of rats which received the bread-contaiuing diets °l 

bread; diet 6 - nonenriched bread; diet 7-euriehfd s o~- ® 

and diet 9 — i•^bread) unsupplemented and supplentmU^d tSt 
niacin, inth thianune and niacin, and with thiamine, riboflavin and iS 
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Studie.s Avitli diot.s coiitiiiiiiiii>' tlie dark bread ( 30 % ground 
whole wheat and 70% ot' noiienriehed Hour) show that while 
tl'.e iiieorporatiou of a relatively siuall aiiioiiiit of tinely ground 
whole wheat in the bread did result in improved growth and 
survival, the diet eontaiiiing this bread was definitely de- 
ficient in both thiamine and riboflavin [groups S (a, b, c and 
d)]. The incorporation of (i% of skim milk powder in a bread 
made of the noiienriehed flour resulted in the product having 
increased growth-stimulating and life-sustaining capacity 
[group 9 (c) vs. grou]) G (c)], but it was inferior to enriched 
white bread in these resjiects [group 7 (c)]. From the .stand- 
point of vitamin supplementation, it ajipears that the milk 
])owder did add an aiiprecialile amount of riboflavin but very 
little thiamine. This is borne out by the fact that additiomd 
riboflavin supplemenfation, without additional thiamine, did 
not improve the growth rate [group 9 (a)J, and that thiamine 
supplementation in the presence of existing riboflavin re- 
sulted in a marked improvement in growth [group 9 (b)]. 
When this diet was supplemented by thiamine, riboflavin and 
niacin [group 9 (d)], excellent growth resulted. While these 
results do support existing contentions that the addition of 
.skim milk or skim milk solids, in the making of unenriched 
white bread, enhances the nutritive value of the bread, the 
inclusion of 6% of skim milk solids, iii this i55stance, did not 
add sufficient thiamine or riboflavin to make the bread equiv- 
alent with respect to these vitamins to the bread made 
from ground whole wheat or from enriched Hour. Here again 
the close relationship between food consumption and growth 
is readily observed (fig. 2). 

Periodic thiamine, riboflavin and niacin assays made dur- 
ing the course of the studies indicated that the thiamine, ribo- 
flavin and niacin content of wheat, flours, breads and diets 
remained constant. Although the experimental conditions 
were somewhat dissimilar, the results obtained in those studies 
substantiate in ]5art those recently reported by Westerman 
and Hall (’47) in which it was shown that further supple- 
mentation of C5iviched Hour with B-complex vitamins improved 
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the nutritive value of the product. In the present .studies this 
was found to he true of riboflavin supplementation. Furtiier- 
more, riboHaviu supplementation of the whole wheat diets 
was more effective in stimulating additional growth in young 
rats than when this vitamin was employed as a supjilemcnt 
to the enriched flour diet. 

While the present investigation has heen concerned pri- 
marily with the relative thiamine and riboflavin content of 
whole wheat, nonenriched flour and enriched flour, the au- 
thors are aware that whole wheat may contain desirable nu- 
trients other than thiamine and riboflavin in greater amounts 
than are present in either the nonenriched flour or the en- 
riched flour. 

SUMMARY 

A study was made of the relative thiamine and riboflavin 
content of whole wheat, nonenriched and enriched flour of 
common origin and of breads made therefrom. Four hundred 
and fifty young rats constituting 38 experimental groups 'wei’e 
used in the study. All animals were subjected to a 2-week 
adaptation period before being placed on experiment. The 
feednig period was of 8 weeks duration unless death of ex- 
perimental subject intervened. The results, as a whole, show 
that flour, enriched in accordance Muth the present fonnula, 
IS definitely superior to nonenriched flour wfith re.speet to 
thiamine and riboflavin, and is somewhat superior to whole 
wheat with respect to these vitamins. While the amount of 
thiamine contributed by ground whole wheat and by enriched 
flom-, when the flours composed 30% of the diet, is only 
slightly less than that required for optimal growth in young 
rats, the amount of riboflavin contributed is definitely insuf- 
ficient. However, the enriched flour was found to contain more 
riboflavin than the original wheat. Breads made from ground 
wheat and from enriched flour sliow good retention of thia- 
mine and riboflavin as indicated by growth tests and by vit- 
amin assays. Dark bread and milk bread, as prepared and 
lused in the.se studios, were found to be definitely inferior to 
broads made from ground wliolo wheat or from enriched flour 
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as soul'cos of lliianiino, and soniowlial less inferior as sources 
of rilioflavin. 
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Investigations of amino acid requirements of chicks eoii' 
ducted by the author and others in the Division of Poultiy 
Husbandry of the University of California over a period of 
several years, have given rise to a mass of data of a very 
homogenous nature. Most of the data available have met or 
approached closely to the folloiving specifications: (a) uni- 
formity in breed and strain of chicks used, (b) pre-test rearing 
period of 10 to 14 days vdth an excellent practical diet, (c) 
experimental period of 10 days, (d) protein or equivalent 
amino acid levels at 20% or more of the diet, (e) diets sub- 
stantially complete except for the amino acid under investi- 
gation. 

The objective of this review was, in part, to establish amino 
acid intake levels to be recommended by the sub-committee on 
Poultry Nutrition of the National Eesearch Council. During 
the course of the analysis of these data there have come to 
light several relationships of quite fundamental interest. 

Two principal variables will be considered throughout this 
discussion, namely, (a) the percentage of the amino acid in 
the diet, as detennined by additions of the crystalline amino 

' Prescnteil at the eleventh Annual Meeting, American Institute of Xutrltion, 
Chicago, 1947. 
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acid or by the content of the amino acid in tlio protein coin- 
Ijonent, and (b) the percentage daily change in body weight 
of the chicks, which will be referred to simply as rate of gain. 
Grau (’47a) has studied such factors as forced feeding, body 
composition, ad libitum feeding and body weight changes of 
chicks. lie has come to the conclusion that change in body 
weight on an ad libitum feeding program is the most satis- 
factory criterion of dietary adetpiacy in amino acid studies 
with chicks. Similarly, Hegsted and AVorcester (’47) have 
found with rats that proteins are classified relative to each 
other with high accuracy by gain in weight alone. 

Where it has been shown that D — or DL — forms of the 
amino acid are efficiently utilized, these forms have been con- 
sidered equivalent to the Tj — form. All protein content data 
are based on percentage X X 5.25. The manner of evaluating 
data is illustrated for certain amino acids in tables. Curves 
relating amino acid content in the diet to rate of gain ai'e 
presented in figure 1. In the construction of these curves 
individual points have been given due weight on the basis of 
numbers of chicks used in the experiment. Data have not been 
used for one amino acid when it is apparent that another 
amino acid deficiency is also exerting an effect in the same 
region of growth rate. Because of limitations of space, not 
all of the figures and tables originally prepared can be pre- 
sented here. A sufficient number of each are given to illustrate 
the findings in this studj". 


Arginine 

The data for arginine given in table 1 and plotted in figure 1 
fall substantially on a straight line over the range of 0.17% 
to 1.2% arginine, in diets containing whole proteins. It for- 
merly appeared that this requirement was api^roximately 1% 
of the diet (Klose et al., ’38). However, the upper arginine 
curve of figure 1 in the region of maximal rate of gain, which 
is at least 7%, indicates that the optimal arginine content of 
the diet may be nearer to 1.2%. The question has been raised 
of the degree of availability of arginine in casein (see Klose 







546 


if. -J. AI.MQUIST 



547 


amino ACID.S 


IJKQflUKMEN'r.S 



548 


II. J. ALMQUIST 


et al., ’38), and if it should bo proven that this availability 
is not com[)Iote, the optimal arginine requirement Avill be 
somewhat lower than indicated in this report. The lower 
arginine curve based upon data from amino acids or diets 
with hydrolysed-protein reaches a maximal gain at approxi- 
mate!}' the same percentage of arginine in the diet. Both 
arginine curves extend to the vicinity of a — 3% rate at com- 
plete deficiency; this is consistent with similar curves for the 
other indispensable amino acids. 

Mctliio 7 iine 

It is well-known that the methionine requirement cannot be 
considered without giving attention to the cystine intake, since 
the latter is not only synthesized at the expense of the former, 
but also has a valualile ‘‘sparing action” on methionine. 

The availalile data for methionine have been classified in 
2 ways, namely, (a) with more than the maximal cystine re- 
quirement present, and (b) with substantially no cystine pres- 
ent (table 2). The corresponding curves are also given in 
figure 1. The curves are practically straight lines up to the 
region of optimal gain. Both methionine curves extrapolate 
into the zone of negative gains to an intercept close to — 3%. 

In the presence of an adequate cystine level in the diet the 
methionine requirement for optimal gain is close to 0.5‘/o; 
while the requirement in the relative absence of cystine is 
close to 0.9% of the diet. These estimates remain in agreement 
with previously suggested requirements (Alraquist, ’45). 

Lysine 

The data on lysine are remarkably consistent. The curve 
(fig. 1) attains an upper limit for growth at close to 0.9% 
lysine in the diet (Alraquist and Mecchi, ’42). All of the data 
are from diets based upon whole proteins, but tliese are of 
a considerable variety, as will be seen from table 3. The linear 
IJortion of the curve (fig. 1) extraiJoIated to zero lysine would 
reach the vicinity of — 3%. 
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Tri/ptop/iaJie 

The tryptophane data (table 4) are based iiiJon diets with 
whole proteins, hydrolysed proteins and amino acids. The 
curve for whole proteins (fij?. 1) extends from an optimal gain 
at 0.25% Z-tryptophane (Alnifinist, ’45) down toward the 
same limitinjj value common to the other amino acids. The 
data from amino acid or hydrolysed-protein diets form a 
separate curve at the higher region of gain, which, however, 
agrees with the other curve as to the point at which further 
additions of tryi^tophane do not cause further increases in 
growth rate. 

Leucine 

The leucine cui've at 0% leucine is definitely located by 
experimentally detennined rates of — 2.7 to — 3.0% (fig. 1) 
(Almquist and Grau, ’44b). At the upper end the curve i.s 
located only by the minimum contents of leucine knomi to 
be present m several whole protein sources which, with neces- 
saiy supplements, have been .shoum to support good gains. 
Hence, the leucine requirement for optimal gain does not ex- 
ceed 1.4% of the diet. The data from amino acid diets (Grau 
and Peterson, ’46), although lower in mag-nitude of growth, 
pass through the same maximmn region at 1.4% leucine. 

Phenylalanine. 

Like methionine, phenylalanine may be spared by another 
amino acid, in this case tyrosine. The data (Almquist and 
Grau, ’44b; Grau, ’47a) have been separated on the basis of 
adequate tyrosine or no tyrosine present m the basal diets. 
This procedure establishes 2 curves. The first, for adequate 
tyrosine present, goes through a maximum at close to 0.9% ; 
while the second curve, for no tyrosine present, attains a 
maximum at approximately 1.6% of the diet. The ends of both 
of these curves at 09c phenylalanine reach a detennined 
growth rate near — 3%. 

A probable curve for whole protein diets has been indicated 
also. The lower end of this curve should obviously be near 
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— Zfc. The upper end is fixed, by the virtue of growth rates 
attained Avith whole proteins of comparatively low phenyl- 
alanine content, at not more than 0.9^. 

Threonine 

Data on threonine requirement are few (Almquist and Giau, 
’44b; Grau, ’47b). At 0% threonine the curve is definitely 
anchored in the region of — 2 to — 3%. The points are, foi 
the most part, based upon very small groups of chicks. How- 
ever, the general characteristics of the curves resemble those 
obtained ^vith other indispensable amino acids. A similar 
linear relation has, therefore, been assumed. The optimal 
threonine content in amino acids diets is apparently close to 
0.6%. Certain proteins of comparatively low reported threo- 
nine content were found capable of supporting optimal chick 
growth when providing a dietaiy threonine level of no more 
than 0.6%. Hence it seems probable that the estimated re- 
quirement is correct in both kinds of diets. 

Valine 

The amino acids diets (Grau and Peterson, ’46) attain a 
maximal growth-promoting value at approximately 0.8% 
valine. Whole proteins of comparatively low valine content 
will support optimal gains when furnishing not more than 
0.8% valine to the diet. Hence the 0.8% value may be pro- 
visionally accepted as the requirement. The lower ends of the 
curves are experimentally located close to — 3% (Almquist 
and Grau, ’44b ; Grau and Peterson, ’46). 

Isoleucine 

The above story is repeated in the case of isoleucine, with 
the exception that the curve for amino acids diets seems to be 
displaced slightly toward the left. It is probable, however, 
that the natural leucine used in the basal diets for this work 
(Grau and Peterson, ’46) may have contained small amounts 
of isoleucine; as little as 5% would have caused the displace- 
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rnent noted. It is suggested, provisionally, that the isoleucinc 
recpiirement is close to 0.6% ot‘ the diet. 

nislidiiic 

The data for histidine are so scarce that no curves could be 
constructed. On a histidine-free amino acid diet a few chicks 
lost weight at ai^proxiiuately — 2%. A supplement of 0.15% 
L-bistidine may not have been entirely adequate for maximal 
growth on this diet (Almquist and Grau, ’44b). The upper 
limit of histidine requirement is lixed at not more than 0.30% 
of the diet. This Jigure is based on the reported analyses of 
sources of proteins which have been shown to support optimal 
growth. 


'The significance of negative gains 

Although protein synthesis in the organism is completely 
prevented by the lack of an indispensable unit, the processes 
of protein degradation are not simultaneously stopped. 
Whether the animal will exhibit loss or gain of protein 'ftdll 
depend upon the balance between protein synthesis and pro- 
tein destruction, both of which are proceeding rapidly, ac- 
cording to modern theory. It is evident from the figures that 
the complete absence of a truh' indispensable amino acid from 
the diet of the chick results in a loss of weight at a rate in the 
zone of — 2 to — 3%. With sufficiently accurate data on all 
the amino acids in question, it is pi’obable that this zone would 
have been narrowed toward some value closer to — 3. In a 
few cases Avhere the limiting value is not available from dii’ect 
experiment, it has been assumed to equal — 3% for the pur- 
poses of constructing the curves. This assumption is ade- 
quately justified from the nature of the data. 

The magnitude of the loss of weight is, of course, deter- 
mined by many factors, such as age and condition of the 
animal, duration of the deficiency and general experimental 
procedure, all of Avhich have been comparable in the body of 
data reviewed. There is nothing fundamental about the pre- 
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eise numerical value of the liniiting negative rate, but its evi- 
dent constancy under the expei’imental conditions can only be 
regarded as of real fundamental significance. 

It is obvious that a complete deficiency of any one in- 
dispensable amino acid will prevent any protein synthesis 
in the animal just. as absolutely as a complete deficiency of 
protein in the diet. As a matter of fact, a protein-free diet 
causes approximately the same rate of weight loss (Gran, 
’ITa). Hence, all these vai’ious deficiencies must approach a 
common limit in effect as the degree of interference with pro- 
tein synthesis approaches completeness. 

In experiments on an entirely different problem (Berg and 
Eohse, ’47) young rats fed gelatin, casein, hydrolysed casein 
and protein-free diets showed equivalent rates of loss in 
weight when subjected to a complete deficiency of an indis- 
,pensable amino acid, or of protein. Bate of growth of rats on a 
tryptophane-supplemented acid-hydrolysed casein diet was. 
distinctly lower than that on a whole casein diet. These results 
Avith rats agree with the general features of the chick results 
reviewed in the present paper. 

It is evident that the point from which to measure gi'owth 
(as affected by protein sjmthesis) is not the usually accepted 
point of zero growth, but some value akin to the — 3% limit 
of the present data. Any rate significantly more positive than 
the negative limiting value, even though still negative in sign, 
■ is evidence that some protein synthesis is taking place. If 
such rate is obtained with a complete deficiency of a certain 
amino acid, then that amino acid is also being synthesized. 

Amino acid requirements as determined hy whole 
proteins and hy amino acid mixture diets 

It is noteworthy that in substantially every example in 
which the maximal gi-owth effect from a particular amino 
acid has been ascertained with whole-protein diets, as com- 
pared to amino acid or hydrolysed-protein diets, the requii-e- 
meut values appear to be in close agreement. 
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N’otwitlistandiiig; tlie fact tliat the best gains obtained with 
either hydrolysed iJroteins or amino acid mixtures are less 
than the optimal gains to be obtained wdtli whole proteins, it 
is evident that, in either case, the same relative jJi'oportions 
of amino acids to each other and to the whole diet must be 
established to secure the maximal gain possible on the par- 
ticular diet. It is further indicated that quantitative amino 
acid requirement values should be equally valid whether 
established with amino acid mixtures or with whole proteins. 

It appears from the linear nature of the curves and the 
agreement of the whole proteins and amino acids diets maxima 
that the requirement of any indispensable amino acid for any 
rate of growth has a fixed proportion to the others in the 
diet. This is compatible with tJie general concept that protein 
synthesized by an animal is always the same characteristic 
set of proteins, hence requires the same proportions of mate- 
rials to be used in the synthesis. The above findings extend 
this concept to include any rate of synthesis. 

These observations further imply that the proportions of 
the amino acids reaching the synthetic regions in the animal 
are determined by the proportions in the diet, if not identical 
with them, since these proportions are the same whether the 
amino acids come from a variety of whole proteins or ai'e 
present in the uncombined state, as in amino acids or hydro- 
lysed proteins. 

Growth rate differences observed with complete 
amino acid mixtures and supplemented 
hydrolysed proteins as compared 
to loliole proteins 

These differences are a reflection of several 23ossible causes, 
operating singly or in combination. 

a. Decreased appetite and feed consumption. Possibly, the 
more rapid absorption of free amino acids induces a quicker 
physiological reaction to curtail appetite. This is only a 
small effect when the amino acid supply is complete, since 
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then the feed intake is controlled largely by caloric require- 
ments. The marked and ahnost immediate reduction of feed 
consumption during a severe amino acid deficiency is pei'baps 
only an extreme stage of the same effect. In such case, the 
animal cannot as readily dispose of absorbed amino acids by 
eomhiamg them into protein, and is even more quickly sati- 
ated. But when the lacking indispensable amino acid is re- 
stored to the diet, even though such addition could hardly 
affect the sensory acceptability of the diet, the increase in the 
appetite of the animal is very endent. 

TABLE 5 

The effect of periodical access to feed on the groicth of chichs fed diets containing 
ichole protein as compared to the hydrolysed protein, (20% protein in aH 
diets, yo oilier sources of protein in diets,) 


SOUKCE or 

ACCESS 

TO fZED 

feed katek 

PEE oyy 
PEE CHICK 

aveeaoe 

WEIGHT OAK» 
PEE PAY 

GAIK-FEEO 

RJ.TJO 



pm 



Fish protein 

ad h'hitunv 

22,9 

4.0 

.40 

Pish protein | 

2 hrs« 

2 hrs. 

21.4 

4,0 

.42 

Hydrolysed 





fish protein 

ad lihitum 

20.9 

3.5 

,34 ' 

Hydrolysed ) 
fish protein i 

2 hrs. 

2 hra, 

16.0 

2.4 

.26 


In an attempt to demonstrate the effect of appetite eurtatl- 
naent by amino acid mixtures in the diet, an expei'iment was 
conducted with chicks fed a diet containing fish protein or a 
hydrolysate of this protein as the exclusive source of amino 
acids in the diets. Preliminary observations indicated that 
an appetite-curtailing effect of hydrolysed protein might be 
to some extent counteracted by a tendency of the chicken to 
eat more frequently, if less at any one time. Consequently, 
groups allowed only periodical access to feed were added to 
the program. The results are given in table 5. 

These results show that the chicks having periodical access 
to the whole-protein diet were able to consume almost as much 
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feed and to grow as well as tlie ad libitum fed group. Tlie 
ad libit u-m group on the hydrolysed-protein diet was able to 
consume only slightly less feed than tlie above-mentioned 
groups, but grew less efliciently on the diet — this is the usual 
result in such comparisons (Klose et ah, ’3S; Stokstad, ’40) 
and is probably a demonstration of causes listed below. How- 
ever, the periodical-access group fed liydrolysed protein 
would not ingest sufficient feed to enable this group to keep 
pace with the others. This dilTerence is most probably a 
demonstration of a rapidly effective appetite-curtailing action 
of the hydroij'sed protein. Very similar results were obtained 
in the same experiment performed with young rats. 

b. Increased metabolic destruction of the more rapidly ab- 
sorbed free amino acids. These may enter the blood stream 
faster than they can be diverted into protein synthesis, and 
the surplus undergoes a relatively greater degree of catabo- 
lism than would be the case with amino acids ivhose release 
depends upon slow enzymatic digestion of protein. 

c. Increased, loss of the rapidly absorbed free amino acids 
in the urine. 

d. Increased destruction of amino acids by intestinal 
bacteria. 

c. The release during the digestion of whole proteins of 
some simple peptides which may be used directly by the ani- 
mal in the synthesis of its own characteristic proteins, thus, 
perhaps, promoting faster protein s^mthesis than would be 
the case following ingestion of free amino acids. 

/. The presence of a “growth factor” in whole animal pro- 
teins, and its absence from amino acid mixtures or completely 
hydrolysed proteins (Wooley, ’ 45 ). In regard to tlie applica- 
tion of such a “factor” to the results of the present study it 
can only be said that the animals showed continuous, linear 
growth curves ovei- the time intervals employed, and at no 
time any indications of increasing depletion in any growth 
factor. Furthermore, it was found that the decrease in growth- 
promoting value of a protein upon hydrolysis (corrected for 
any amino acid losses) was related most directly to the degree 
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of hydrolysis, and there Avas no extra value to he found from 
leaving a few per cent of whole protein in the diet (animal 
protein factor). There are uninerous examples in which tlie 
annuals showed optimal gains without animal proteins in the 
diet. 


Amino acid requirements to support any rate of 
growth helow the optimal 

These may presumably be taken by a horizontal projection 
across the curves. Thus, for example, the theoretical “mainte- 
nance” requirements of the young chick fed a diet containing 
whole proteins only would be obtained as the intersection of 
the zero gain level with each of the appropriate curves. In 
each case the “maintenance ” requirement is approximately 
30% of the optimal requirement, for the chicks employed in 
the studies reviewed. This has been experimentally confirmed 
by feeding diets so low in protein that only the maintenance 
requirement of several indispensable amino acids was pro- 
vided. 

The curves for the amino acids i-equii’ements could be ex- 
pressed empirically as follows: 

E = KiP — K. 

Wiere H rate of change m bodv ejgtit 

Ki =5: rate constant for change in hodr ireight due to protein sjn thesis = 
approximately 10 

P ^ fraction of the optima] level of the amino acid in the diet. 

K, ^ rate constant for change in body weight due to protein degradation 
— approximately * — 3. 

It is evident that meeting only balf tbe requirement for a 
partionlar indispensable amino acid will not permit half the 
optimal rate of growth, but only 2/7 of this optimal rate. 

SUMMARY 

1. The level of an indispensable amino acid in the diet beax-s 
a linear relation to the rate of growth of the chick, from rapid 
loss of weight at complete deficiency to maximal growth at 
complete adequacy of the amino acid. 
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2. All the eui'ves converge toward a coninion negative rate 
of gain at complete deficiencies of any indispensable amino 
acids, since protein synthesis must stop in all such cases. 

3. Xet gain of the chick deijends upon the halajice between 
protein synthesis and jirotein catabolism, over the entire 
range of the curves. 

4. AYhile chicks grow better on diets in which the amino 
acids are supplied chiefly in Avhole proteins, as compared to 
diets compounded with amino acids or hydrolysed proteins, 
the maximal requirements determined witli these 2 kinds of 
diets are in good agreement. This is compatible with the con- 
cept that on either kind of diet the chick must sjnithesize the 
same body proteins, hence requires the same proportions of 
amino acids for this purpose. 

5. These proportions of indispensable amino acids to each 
other remain the same for any sub-optimal rate of growth, 
even in the negative zone of gj’owth. 

6. Reasons for the differences in the growth supported by 
whole proteins as compared to hydrolysed proteins and amino 
acids are discussed. 
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Recently we showed (Halverson and Hart, ’47) that caro- 
tene could be completely preserved in dehydrated alfalfa and 
cereal gTasses if the material had a water content of 12-15^ 
and was sealed in air-tight receptacles. The phenomenon of 
preservation involves primarily the utilization of the oxygen 
with production of carbon dioxide — an atmosphere in which 
carotene is stable. Respiratory enzymes in the dehydrated 
material are accelerated in action by raising the water content 
above that usually contained in dehydrated vegetable mate- 
rials. If the water content of the material is less than 12%, 
say 10% or less, then the rate of oxygen utilization and carbon 
dioxide production is reduced with a variable and not always 
predictable carotene loss. 

To test the application of this method of carotene preserva- 
tion to dehydrated vegetables we used eai’rots, spinach (leaf) 
and broccoli. These materials were purchased fresh, dined at 
50° C. and then ground to a fine powder. After drying and 
grinding the water content was as follows: carrots 10.25%, 
broccoli 8.00%, and spinach 4.5%, The materials were then 
placed in pint size cardboard boxes with or without water 

Published vritli the approval of the Director of the \Visconsiii AgricuItur/jJ 
Experiment Station. 
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adjustment to liigher levels and with or without flexo-wax 
sealing. The sealing was done to prevent loss of carbon 
dioxide and access of oxygen — a condition absolutely neces- 
sary for carotene preservation, and one which we have found 
effective in the case of dehydrated alfalfa or cereal grasses. 
Any receptacle that is air-tight such as glass, metal, cello- 
phane, fabricated i^aper or cardboard dipi^ed in a non-crack- 
ing wax should prove effective. 

After preparing the materials they were stored at room 
temperatures of 22-25°C. for 3 months. At the end of that 
time carotene determinations were made. The chromato- 
graphic method of "Wilkes (’46) was used. The results are 
given in table 1. 

The original carotene content of the dehydrated materials 
on a water-free basis in ug per gm was as follows: carrots 
510, broccoli 74.4 and spinach 266. 

As expected from our experiments with dehydrated alfalfa 
and cereal grasses, the carotene loss in 3 months was high in 
the carrots and broccoli without sealing but not so high in 
the case of spinach under the same conditions of storage and 
Avith the loAV Avmter content of 4.5%. Under sealed conditions 
the carotene loss in all the materials decreased in genei’al with 
increase in Avater content. With 12.5% of AAmter the losses in 
all the matei’ials Avere negligible. 

It is apparent from the data that in these dehydrated prod- 
ucts the carotene loss can be greatly reduced Avith sealed 
conditions and a total A\mter content of 10-12.5%. 

In table 1 are also brought together obsei-Amtions on the 
color, taste, and internal gas pressure as it may have devel- 
oped. With dehydrated alfalfa and cereal grasses sealed, and 
Avith the AA'ater content up to 20% no internal gas pressure, 
involving bulging of the carton storage receptacles, has been 
observed. This same situation Avas observed A\ith spinach, but 
in the case of carrots and broccoli some internal gas pressure 
developed particularly at the higher AAmter levels. Also dark- 
ening of the product, especially in the case of carrots, A\ms 
observed. To reduce the possibility of gas pressure, as in the 
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case ot carrots and broccoli with water levels of 12.5%, the 
water level could be held at 8-10%, Under such conditions 
complete carotene preservatioji may not be obtained, but the 
loss of carotene under sealed conditions would be greatlv 
reduced. Apparently the application of the principle of a 
proper water content Avith sealed storage can be made use of 
for carotene preservation in dehydrated fresh vegetable 
tissues. In the case of siDinaeh a water content of 10% plus 
sealing reduces the carotene loss to practically zero. Whether 
this observation Avould be general for .spinach is unknown. 

sualh A\ith other dehydrated plant tissues such as alfalfa, 
rye, oats and cm-rots a moisture content of 10% or less does 
not give a maximum carotene retention observed Avith mois- 
ture leA'els of 12-15%. 

^ The coloi of the stored products deepened soineAAdiat Avith 
increased Avater content. HoAvever, at 10-12% of total Avater 
the color was not greatly different from that of the original 
product. With 15% of total Avater the color of the carrots 
became a deep brown and in the other 2 products an olive 
green. Broadly speaking, a Avater content of 10-12% and 
sealing aaIII not only preserve well the carotene but also give 
a product resembling the original unsealed material in color, 
taste and aroma. It is probable that the moisture levels re- 
quired for maximum carotene preservation Avill vary Avith 
the diffeient Aegetables and the method of dehA^’dration 
employed. 

SUMMAEY 

1. The carotene content of dehydrated spinach, broccoli and 
carrots was well preserved under storage at room temperature 
for 3 months by sealing in cardboard receptacles and adjust- 
ing the total Avater content to 10-12%. In the case of carrots 
and broccoli with the total Avater content of 12.5% some in- 
ternal gas pressure developed. With 8-10% of total Avater no 
internal gas pressure developed but the carotene loss Avas 
greater than at the higher Avater level. 
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2. Under sealed conditions of storage Avith a total water 
content of S-10% the taste, aroma and color of the original 
product Avere aa'cII retained. 

3. The principle of preserA’ation inA’oh’ed is mainly the ac- 
celeration of the respiratory activity of enzymes present in 
the dried plant tissue Avith the result that the oxygen present 
is replaced AA*ith carbon dioxide. 
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IXTEERELATION BETWEEN a-TOCOPHEROL 
AND PROTEIN ilETABOLISM 

ir. THE IXCEEASED UTILIZATION OF CASEIN PRODUCED BY 
a-TOCOPHEROL, YEAST DIGEST, OR X-VNTHINE IN THE 
RAT-GROWTH PROTEIN-QUALITY TEST ' 
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ONE nGUKE 

(Received for puRUeation July 15, 1947) 

In a previous paper (Hove, ’46) it was sliown that d, 
a-tocopherol reduced weight loss in adult rats maintained on 
a 5% crude-casein diet for extended periods of time. It 
Avas pointed out that this result was in apparent contradiction 
to the Avork of Dam ( ’44) in which Avas noted no influence of 
a-tocopherol on the body Aveight of rats maintained until death 
on a diet containing approximated 5% protein from yeast. 
It occurred to us that the 4-week, rat-growth method orig- 
inated hy Osborne, Mendel and Perry ( ’19) for determining 
protein quality might be useful in resolAung these divergent 
I'esults. 

EXPERIilENTAL 

Litter-mate pairs of male albino I’ats Avere placed on the 
test diets at AA-eaning. One member of each pair receded daily, 
Img of d, a-tocopherol in 2 drops (50 mg) of olive oil, while 
the other received only the olive oil. Body Aveight and food 
consumption records Avere made Aveekly for the .second to fifth 

‘ Coiiimuiuc.itiou no. 119 from the L.abor.itories of Distillation Products Inc 
Rochester, N. A’. ’ 
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week from weaniiij;:. Tlie proteiii-efliciency ratios were ob- 
tained by dividing the 4-weelc body-weight gain by the total 
4-week protein intake. The composition of the weight gains 
was not determined. Therefore the elfect of tocopherol to be 
described may have resulted from increased deposition of fat 
or other constituents, rather than increased protein utiliza- 
tion. However, the custom that has grown up around the use 
of this method wall be followed and results will be expressed 
as protein efficiency rather than more correctly as food 
efficiency. 


tabia: 1 

CoiniKitiition of ilntK ii.icd. 


mixtvuj: 

I'KOTKI.V ‘•OntCH SITUU'sK 

MtXTUUK, Usi' \ll. No. 2 * 

^/p 
ft a 
\ 

10 


ThiaminC'HCl 

per of diet 

10 Mg 


Riboflavin 

10 Mg 


Pyridoxine IICl 

10 Mg 


Calcium pantothenate 

'26 tiQ 

Vitamin 

Nicotinic acid 

30 /xg 

.supplements 

2'Methyl, 1-4 naphthoquinone 

5/ig 


Cliolino chloride 

1.0 mg 


i-Inositol 

0.1 mg 


Vitamin A 

50 units 


Vitamin D (Pelsterol) 

3 units 


‘With added ZnCO„ 0.1%; CuSO^-TII.O, 0.0S% ; and Mn.SO„ 0.01%. 


Ad libitum feeding was allowed in most instances. Diets 
were weighed into a “Franke” earthenware cup. This cup 
was contained in a straight-sided aluminum dish. Using this 
system food spillage was reduced to less than 3 gm weekly for 
nearly all rats. The spillage was determined by placing col- 
lecting papers under the cages and weighing the discard 
weekly. 

The composition of the diets is indicated in table 1. The 
B-vitamins ® and vitamin K were thoroughly ground ivith a 
.small quantity of purified casein or sucrose, as the case might 


* Merck, 
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be. Vitamins A and D were added to the lard. Additions of 
folic acid and biotin have not been made to the diets. The 
diets were kept refrigerated at all times. 

The casein, used was a “vitamin-test” product “ and was 
assumed for our purpose to be 100% protein. A yeast-protein 
concentrate^ prepared by enzymatic digestion was used; this 
contained 67% protein. The washed w'heat gluten contained 
70% protein. 

In the first experiment casein was used at 5 and 10% levels 
both with or without the addition of 0.5% i-eystine to the diet. 
The yeast protein was used to the extent of 10 and 15% in the 
diet, and wheat gluten protein at 15% in the diet. The results 
are shoum in table 2. On the 10% casein diets the a-tocopherol- 
supplemented rats showed protein efBeiency ratios signifi- 
cantly greater than those of the controls. On none of the other 
diets was there a benefit due to tocopherol. 

Some of the groups from this experiment were continued 
on their diets for 12 weeks at which time the tooth pigment of 
the maxillaiy incisors was rated on a 0 to 4 scale. The rats 
were autopsied and examined for stomach ulcers. The re- 
sults given in table 3 are similar to those reported previously 
for casein (Hove, ’46). Yeast protein apparently can replace 
tocopherol as a protective agent against depigmentation. 

Furthermore, it will be noted from table 3 that tocopherol 
supplementation failed to induce an enhanced weight gain 
when yeast supplied the protein of the diet. Dam’s report 
( ’44) in which tocopherol failed to influence body weight and 
the opposite finding by Hove ( ’46) that tocopherol had a very 
significant effect on body weight may now be reconciled. Dam 
used yeast protein and Hove used casein, 

A second experiment was designed to repeat the tocopherol 
effect on the 10% casein diet and to determine the influence 
of small amounts of yeast protein on the utilization of casein. 

’ General Biochemicals, Inc. 

• ^^Basaniin-Busch*’ from Anheuser-Busch, Inc., St. Louis, Mo. 
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TAUKK •Z 

Kjfcct of (If a-tocophcrol on the utilhation of protein hy growing rats. 
Six litter-pairs used per diet, Falues are the J-wcei: averages 
from the second through the fifth weel: after weaning. 


rUOTnsMNDIFT 

IWXKI.S I>I».T KEDD.VinV 

AVKIUCJi: 

oitowTir 


Vi»J 

{/m 

Casein, 5% 

0 

10.3 

Casein, .*3% + 0.r)% 

1 

0.2 

l-cystiue 

0 

15.5 


1 

15.5 

Casein, 10% 

0 

39.7 

Casein, 10% + 0,5% 

1 

51.3 

1-ey Stine 

0 

S7.5 


1 

90.8 

Yeast protein, 10% 

0 

38.0 


1 

38.3 

Yeast protein, 15% 

0 

80,2 

Wheat gluten 

1 

88.0 

protein, 15% 

0 

22 1 


1 

19.7 


AVKlUfU: 

Foon 

cosHCMnn 

I'UOTRi.s' KrriciE.vov n-mo 
( OKO WTIf / I'UOTEI.V I.VTAKE) 

i/m 

2 : S.K.‘ 

d- ft* 

150 

1.31 i: .115 

1 .034 

115 

1.35 ±: .01)4 

157 

1.70 s: .143 

[ 0.39 

171 

1.08 ± .142 


220 

1.73 ± .005 

[ 2.26 

259 

1.90 2: .000 ' 

1 

301 

2.72 it .084 

[ 2.09 

311 

2.90 tz .079 


210 

1.58 ± .095 

1 0.57 

228 

1.07 zt .124 J 

320 

1.77 :i: .103 ] 

• 0.57 

313 

l.SO It .120 j 


170 

0.87 rt .031 ) 

2.24 

183 

0.73 It: .054 ) 



^ S. E. = 


j dev.» 
\N(N-1) 


^ t for P == .Oj 33 2.23. Values greater thaji this are significant. 


TABLK 3 

Growth f stomach jitcers, and color of majcillanj incisor teeth of rats 


after 

12 weeks on various protein diets. 


I»ROTEIK a-TOCOP^lEnOn 

AVEBAOB 

WEIGHT 

GAIN 

(12 WEEKS) 

STOJXAOir 

TTLOEa 

IKOIDEKOE 

average 

TOOTH 
COLOR ^ 


Vtff 




Casein, 5% 

0 

15 

GO 

0.4 


1 

18 

17 

2.6 

Casein, 10% 

0 

117 

0 

0.5 


1 

156 

0 

2.9 

Yeast protein, 10% 

0 

121 

0 

1.1 


1 

126 

0 

3.1 

Wheat gluten 

0 

64 

33 

2.5 

protein, 15% 

1 

60 

17 

3.3 _ 


* ^ A score of 0 i== a tooth completely bleached ; chalk white. 
A score of 4 5= a tooth normally colored; brownish yellow. 
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The results of this experiment are shown in tables 4 and 5. 
With the larger ninnher of animals the influence of a-tocoph- 
erol on utilization of protein on the 10% casein diet was more 
striking. Statistically the difference due to tocopherol is sig- 
nificant with a probability of more than 99 chances in 100 

TABLE 4 


Effect of 1 mg d, a-tocopherol dailg on the ut dication of casein at a 10% level 
in the diet of young male rats. Values are 4-iceeh averages. 
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(table 4). However, the addition of a small amount of yeast 
protein also increased the utilization of casein and completely 
replaced a-tocopherol in this action (table 5). The absolute 
values in this experiment are considerably higher than usual 
and we have no explanation for this. 

Schwarz ( ’44) has noted that xanthine can replace a-tocoph- 
erol in preventing liver damage and delaying death in rats 
on an alkali-washed casein diet. Therefore, a third experiment 
was designed to determine the elTect of xanthine on casein 
utilization. From the results given in table 5 it is evident that 
xanthine does increase the protein efliciency ratio and re- 
places a-tocopherol in producing this effect. Pex'haps a- 
tocopherol acts at some point in the metabolic changes from 
dietary amino acids to xanthine. Consequently, in the absence 
of tocopherol, xanthine becomes a dietary essential. 

The effect of d, a-tocopherol on the utilization of casein at 
the 10% level in the diet has been confinned in 2 other brief 
experiments, the results of which are tabulated in table 4. 

In the preceding expex’iments ad libitum feeding has been 
allowed, using diets containing the single level of 10% pro- 
tein, for the most part. To furnish a clearer insight into the 
nature of the tocopherol effect another experiment was set 
up which used an equalized-feeding technique with diets con- 
taining a wide range of casein levels. 

Diets with purified casein contents of 6, 8, 10, 12, 14, 18 and 
40% wore prepared. Five litter-pairs of weanling male albino 
rats were placed on each diet, and tocopherol supplements 
given as before. Each rat received exactly 7.0 gm of diet daily. 
Except for 4 rats on the 6% casein diet all daily allotments 
were consumed. On the 6% casein diet the total refusal was 
48 gm for the — E group and 10 gm for the -f E group 
over the 4 weeks of the experiment. Protein efSciency I’atios 
were calculated in the usual way by dividing the 4-week total 
gain in body weight by the protein contained in the quantity 
of diet consumed by each rat during' this 4-week period. The 
results are expressed graphically in fig-ure 1. On the 8 and 
10% casein diets the increased utilization due to tocopherol 
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, • ^ JL for tilOSfi 

.,sstaHstMl,-3ignifie.„., to other dit- 

groups bemg 2,96 a«d S.55 (P.sher method), 
tereuces rrere stotistkally significant. 


EFFECT CF 


cx tocopherol on 

t£0U(XU2£D FEEDING 


C&SE^N UTILIZATION 

TECHNIQUE) 



oa tUe arotm effieieuey ratio as 
Fig.l Tbe influence of d, a-tocop , Each point represents the 

detenaioed ou diets with Tarying , feetoig technique was used in which 

average of 3 rats over 4 weeks. An eqn^ed feeding 
aU animals received 7.0 gm of diet daily. 


DISCtTSSlOA 

puTiaedcaseuT. Th ^ consecutive experiments 

0^10^ “a"?0tal Ot 72 vats fed ad mUnm. The average pro- 
S eSncv ratio for the vitamin B-low groups was 1.88 
IraoVre'd with 2.1S for the tocopherol supplemented 
o-vouTis Tlie beneficial effect of a-tocoplieroi was as evident 
M equalised feeding as on ad liHlum feeding techniques. 
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Tliis elfect of tocopherol in inipro\nng’ efficiency of food 
utilization has been noticed by Patrick and ^lorgan (’43) in 
chickens fed a synthetic diet containing' casein protein. An 
explanation for the benelicial inlluence of tocopherol on food 
utilization efficiency or on protein-efficiency ratio may be 
found in an experiment described by Bosshardt et al. (’46a). 
As non-protein calorie intake increased, protein intake re- 
maining constant, the ijrotein-efficiency ratio was found to 
increase. Consequently, in our experiments tocopherol may 
be increasing tlie efficiency of fat metabolism thus giving, in 
effect, a higher calorie intake and resulting indirectly in a 
higher protein-efficiency ratio. 

Low levels of a yeast protein autolysate, or 0.1% of 
xanthine added to the low-casein diet, each improved the pro- 
tein-efficiency ratio and completely replaced a-tocopherol in 
this action. 

The ability of a-tocopherol or xanthine to improve casein 
utilization may be related to the report of Schwarz ( ’44) that 
these compounds prevented cirrhotic changes in the liver and 
death of rats on a diet containing 15% alkali-extracted casein. 
Traces of xanthine contained in crude casein would be re- 
moved by the alkali extraction and a xanthine-free diet would 
result. Giri and Rao (’46) reported that xanthine functions 
as an antioxidant in metal catalyzed oxidations and it may be 
in this same capacity that it acts similarly and non-specifically 
with a-tocopherol in vivo. 

Schwarz found dried yeast, 0.5 gm dail}’-, to be but slightly 
active, while our results showed a yeast protein concentrate 
to be highly active. The active agent in our yeast preparation 
may have been liberated or formed from precursors during 
the enzymatic digestion. Studies on this problem as well as 
the influence of other purine bodies and of folic acid are being 
pursued. In this regard Bosshai’dt et al. ( ’46b) working with 
mice noted an increased utilization of casein protein produced 
by a butanol extract of liver. 

On diets with casein levels as low as 5 or 6%, tocopherol 
did not increase the protein-efficiency ratio over the 4-week 
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test period. Eats kept on such diets for periods up to 20 Aveeks, 
however, showed a dramatic growth and survival benefit from 
a-tocopherol (Hove, ’46). This difference may indicate that 
the interrelation between protein and. a-tocopherol follows 
separate and independent mechanisms under these 2 experi- 
meiitai conditions. 


SUMMABY 

1. d, a-tocopherol increases the utilization of casein protein 
for growth of young rats when the casein level in the diet is 
between 6 and 12%. There is no benefit due to tocopherol at 
casein levels over 12% or under 6% in the 1-week test period. 

2. d, a-tocopherol reduces the incidence of stomaeli ulcers 
and the hleaching of maxillary incisors which occur in rats 
maintained on low-casein diets, 

3. A yeast-protein concentrate or 0.1% xanthine in the diet 
is as effective as a-tocopherol in increasing the utilization 
of casein protein. 
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THE EPPECT OF PAT LEVEL OF THE DIET 
OA^ GENERAL HHTEITIOX 


IV. THE COMPABATrVTE COilPOSlTIOU OP R-ITS EEL.\.TIOX TO 
INTAKE OP PAT AXD CAEORIES ^ 

BEADLEY T. SCSEEE, EVELYlSr STRAUB, MAX RIELHS, EMILY R. 

MESEEVE, CORNELIA HENHEICK AISTD H. J, EEHEL; IS. 
Department of Biochemistry and Nutrition, University of Southern Californio 
School of Medicine, Los Angeles 


(Eeceived for publication July 25, 19-17) 

Earlier studies from this laboratory have sliown beueficial 
effects on rats of the inclusion of liberal amounts of fat in 
the diet. GroAvth, resistance to undernutrition, physical ca- 
pacity, and reproductive performance were all improved on 
synthetic diets containing 10 to 40% of fat, as compared with 
similar diets lacking fat (Deuel et al., ’47 ; Seheer et al., 
’47a, b, c). 

The present report includes data on the content of water, 
protein, fat, ash, and calcium in the bodies of rats selected 
from these experiments. The methods used were essentially 
those employed by Deuel et al. (’44), but the entire body 
of the animals was analyzed, rather than the eviscerated car- 
cass. The intestine was removed, and the contents were 

^The work reported here was supported in part by a research grant from The 
Beat Foods, Inc. The authors wish to acknowledge the helpful advice of Prof. 
Anton J. Carlson of the University of Chicago, Prof. Arthur W. Thomas of 
Columbia University, and t)r, H. W. Vahlteich of The Best Foods, Inc.^ during 
the course of the experiments. 

The work was also undertaken in cooperation with the Committee on Food 
Rcseacch of the Quartermaster Food and Container Institute for the Armed 
Forces. The opinions and conclusions cont^ned in this report are those o£ the 
authors. They are not to be construed as necessarily reflecting the views or 
indorsement of the War Department. 
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Noshed out Avith saline; the intestine was then passed through 
the meat grinder togetlier with the remainder of the rat body. 

diet.s used and general experimental 
1 locedure Jiaye been published previously (Deuel et al., ’47). 

t:o»ipo.sed entirely of purified or syn- 
proportions that the intake of protein, 
Jt Vitamins would bear a constant ratio to caloric 

ay <ic/ rpi ^ t^ontent of the diet ranged from 25^ to 

Ptlivi i‘ contents varied as follows: 60a, no fat, but 

ethyl laurate (1%) added as carrier for fat-soluble vitamins; 

N linolate (1%) ; cOc, no fat, but methyl 

rq onlf (cottonseed oil); 62, 10% fat; 

Sni?! ' ^ ‘^^^tained oats, wheat, 

nliA f 1 cottonseed oil; the fat content was 

aoout 14%, and protein about 15%. 

results 

analyses are summarized in table 1. 
Ihe values for rats fed ad libitum (series I) a"ree fairly 

we I Deuel et el. (-il). but tie Silt Is 

Of nm Jo pi’otfin, ash and calcium contents 

whnf In ^ somewhat higher, the carbohydrate some- 

dtreui ' “'“.“f; ty Deuel et al., and the sex 

our doto ^ J’y these authors are not as evident in 

an tests ? “ "“f"™ D“ level was fed in 

nir son of tb"* -T" ‘“I" “v-'U^We 'ev com- 

S bn ® en betly composition. Appar- 

M vt r u’ “‘f "'I'f 1»" »t lie viscera in the analysis does 
not j^reatly alter the values obtained. 

A period of very severe caloric restriction in yoim«- adult 

rats previously fed the stock diet ad libitum evidently results 

and carbohydrate, and an increase in 

qlio-litlv TlT^f (senes II). The protein content increases 
Jq content appeared to be slightly higher on 

die s 63 and 64 providing liberal fat intake than on fat-free 
or low-fat diets._ This is correlated with the fact that mor- 
tality was least in animals receiving diets high in fat. How- 
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ever, it slioulcl be emphasized that mortality was also low on 
the stock diet, and that the fat content of animals on this 
diet fell to low levels. In an earlier report (Scheer et ah, ’47c) 
we have suggested that the mortality observed was somehow 
1 ‘elatcd to vitamin deficiencies. 

Rats kept on a restricted caloric intake for 12 weeks after 
weaning (series III) have a higlier content of water, and less 
fat than do animals fed ad Ubifitin; protein content is some- 
what lower in the males, hut not in females. There is no clear 
relation of fat content of the body to that of the diet. "Udien 
these animals on restricted feeding were transferred to ad 
libitum feeding (series IV), there were small decreases in 
water and ash content, and definite increases in fat content on 
all diets. The fat content of the body does not appear to be 
correlated with the level of dietary fat. A slight decrease in 
carbohydrate is apparent in females, but not in males. 

Taken together, our data show a very striking uniformity 
of body composition with gross valuations in fat content of 
the diet and caloric intake. Fat and water content are the 
greatest variables, with protein remaining nearly the same 
throughout. In an earlier report (Deuel et ah, ’47) the great- 
est increase in body size in male rats was found on diets 
containing about 20% fat. This same diet I’esults in the 
greatest deposition of body fat. However, the differences in 
weight on the various diets are not simply the result of dif- 
ferences in fat deposition. In fact, the relative contributions 
of the various components to the increased size, above that 
on a fat-free diet, are remarkably uniform. Table 2 presents 
data showing the difference in weight between rats receiving 
diets with fat and rats fed the fat-free ration (60b), and the 
percentage contribution to this increase of each of the body 
components analyzed for, this being determined by dividing 
the difference in total weight of each component by the dif- 
ference in animal weight. 

An earlier report (Scheer et ah, ’47b) showed that physical 
capacity is greater in rats fed liberal amounts of fat than in 
rats fed the fat-free diet. There is no evidence from the 
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present results that this difference is related to body com- 
position. 


TABLE 2 


Relative contributions of various components of the bodp to the differences in 
weight between male rats fed diets containing fat and male rats 
fed a fat- free diet (€Ob), 


PIET 

WEIGHT 

DiryEEEJfCE 


CONTRIDUTION' TO \VZIGlIT DIFPEREXCE PliOSf 

%Vater 

Protein 

Fat 

.Vsh 

Carbohydrate 


jm 

rc 

Co 


^0 


61 

00 

40 

15 

43 

2 

0 

62 

70 

33 

10 

54 

3 

0 

63 

121 

35 

14 

47 

2 

2 

64 

87 

39 

16 

42 

1 



SUiEMABY 

1. Data are presented on the body composition of rats 
fed diets varying in fat content from 0 to 40%, at normal 
and severely restricted levels of caloric intake. 

2. In general, the fat content of the body is not related 
to fat content of the diet; rats receiving diets vsdth 20% fat 
fed ad libitum have the highest content of body fat. 

3. Calorie restriction, in vreanling or young adult rats, 
results in relatively high water content and veiy low fat 
content. Ash also increases in young adult rats. 

4. The greater body size on diets containing liberal 
amounts of fat as compared ^vith f^-t-free diets, is not the 
result solely of deposition of fat. 

5. There is no evidence that the effects of varying fat 
content in the diet on resistance to undemutrition and on 
physical capacity are the result of differences in gross body 
composition. 
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PEAS, SUPPLEMENTED WITH WHEAT GERM OR 
CORN GEE]*r, AS A SOURCE OF PROTEIN 
FOR GROWTH ^ 

W. il. BEESOX,' W. P. LEHBER, JB. AXD ELLA WOODS 
Departments of Animal Ditshandr}i and Home JEconomic^'i, 

Idaho Agricultural Experiment Station, Mo'icow 

(Received for publication July 7, 1947) 

Legumes are readily obtained sources of vegetable pro- 
tein and are frequently used in low cost diets. They are often 
used, also, to complete tbe protein c(uota in rations for botb 
man and animals. Tbe available supply of snlfur-eontaining 
amino acids limits tbe value of legumes as tbe sole source 
of protein. Woods, Beeson and Bolin (M3) and Lebrer, Woods 
and Beeson (M7) bave sbomi that tbe groudb efficiency of 
dry Alaska peas is more than doubled by tbe single addition 
of metbionine to a 10% protein diet. 

Tbe cereal germs are another source of vegetable protein. 
As early as 1919 Osborne and ilendel reported that tbe pro- 
teins of tbe embryo of wheat were different chemically from 
those of tbe endosperm and were superior to those of tbe 
whole grain for mainteuance of adult rats as well as for 
growth in tbe young. Stare and Hegsted ( ’44) reviewed tbe 
published reports on tbe protein of botb wheat and corn germs 
and summarized their review by stating that these proteins 
were of “high nutritive value.” Jones and Widness ( ’45, ’46) 
obtained consistently better growth in weanling rats with 
wheat germ than with corn germ as the only source of pi-otein. 

* PublihlicU ’With the approval of the Director of the Idaho Agricultural B-vper- 
iinent Station as RoisCardi Paper 

= Prei,cat address; Department of Animal Huahandry, Purdue Umverc^itr 
Indiana. ” ^ 



588 


W. M. UBKSOX AKD OXIIKliS 


M'odoni milling' iiietliods produce both wheat and corn genus 
wliich are relatively free from other portions of the grain. 
Tlie.se grain germs are availalile for both luunan and animal 
feeding. 

The work reported here is a continuation of the study of the 
use of dry iieas as a source of protein. This paper is con- 
cerned with the growth of rats produced by the combination 
of wheat or corn germ with peas. 

KXeEUr.UEXTAL PUOCEUL'KE 

Alaska field peas (23.1% protein) were soaked in distilled 
water overnight, cooked, dried at 62‘’C. and then ground. 
The wheat germ (28.8% protein), the usual coimnevchil prod- 
uct, was ground in the laboratory, but not further processed. 
The corn germ •' (23.2% protein) was a “low fat, dehydrated,” 
finely ground product. A diet containing dried whole egg 
(44.0% protein) as the source of protein was used as a 
standai’d of comparison. All diets were made up to contain 
protein at a 10% level. The complete compositions of the 
diets are given in table 1. 

Twenty-one gm of a vitamin-sucrose mi.xture and 2.5 gm 
choline chloride were included in each kg of diet. This amount 
of vitamin mixture jirovided the following supplements per 
100 gm of diet: thiamine, 0.49 mg; riboflavin, 0.49 mg; py- 
ridoxine, 0.61 mg; nicotinic acid, 0.61 mg; calcium panto- 
thenate, 4.9 mg; para-amino benzoic acid, 29.4 mg; inositol, 
98.0 mg; and 250 mg choline chloride. The O.sbonie and Men- 
del ( ’19) salt mixture was used in all diets, ^lethionine when 
used replaced an equal amount of sugar. 

Weanling rats housed in individual cages were used for the 
investigation. They were weighed weekly for 8 weeks and food 
consumption records made at each weighing.* 

The statistical analyses of the data were made according to 
the methods of Snedecor ( ’46). 

^Generous amounts wore furnished l\y the Vio Bin Corporation, Honticello, 
Illinois. 

‘The assistance of A. York in the care of animals is gratefully acknowledged. 
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TABLE 1 


Compositioii of dUts.' The various sources of protein were used in amounts 
calcuJated to furnish protein at a lO^o level. 


LOT 

xo. 

1‘UOTEIK 


>CCIiOaK 

S-ALT 

MIXTVUF. 

COTTOX- 

SEEI> 

OIL 

COD 

LIVER 

OIL 

Source 

Amount 



ijm/ I'a 

pm/kp 

pni/kp 

pm/kp 

ptix/ka 

1 

Egg = 

227 

639.5 

40 

30 

20 

2 

Peas 

433 

444.5 

40 

39 

20 

3 

Wheat germ 

352 

563.5 

40 

1 

20 

4 

Corn germ 

488 

400.5 

40 

28 

20 

5 

Peas 

433 






and 


441.5 

40 

39 

20 


dl-methionine 

3 





6 

50% Peas 

195 






and 


512.5 

40 

14 

20 


50% wheat germ 

195 





7 

75% Peas 

310 






and 


4S1.5 

40 

22 

20 


25% wheat germ 

103 





8 

87.5% Peas 

372 






and 


465.5 

40 

26 

20 


12.5% wheat germ 

53 





9 

50% Peas 

231 






and 


425.5 

40 

29 

20 


50% corn germ 

231 





10 

75% Peas 

337.5 






and 


437.5 

40 

29 

20 


25% corn germ 

112.5 





11 

87.5% Peas 

389 






and 


442 

40 

30 

20 


12.5% com germ 

55.5 






* Each diet contained 21 gmAg of the vitainin-sucrose mixture described in the 
text in addition to 2.5 gm/itg of choline chloride. 

‘ Egg diet contained 20 gm/kg of Agar-Agar. 


KESULTS AXD DISCUSSIOX 

The results of these experiments are summarized in tables 
2 and 3. 

Examination of the results obtained from the diets con- 
taining a single product, as sole source of protein, reveals 
that the cereal germs compared favorably with the whole egg 
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* Kxpenmontal period (iC days. 
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in rate of i^aiu l)ut were less ollicieivt. In the case of corn ;^evm 
this difference is statistically significant. A comparison of the 
pea diet data ndtli those of whole egg emphasizes the superior 
quality of egg protein. As iireviously reported by Jones and 
Widness ( ’4(5) the growth rosj)onse resulting from wheat 
germ protein was better than that from corn germ. In the 
expermients reported liere, the t value does not indicate that 
the diff'ei’ence is significant. 

It has already been reported from this laboratory (Lehrer 
et ah, ’47) that the addition of 0..'3% dl-methionine improves 
both growth rate and eflieiency of food utilization on a diet 
in which cooked peas supply the protein. Eesults from the 
diets in whicli the protein is supplied by mi.xtures of peas 
and either wheat or corn germ also show improved growth- 
promoting quality. Both rate of gain and efiiciency were not 
different from those of the methionine diet when peas and 
either germ Avere used in equal proportions, or when the mix- 
ture contained 25% wheat germ and 75% peas. However, when 
the mixture Avas 25% corn germ and 7595 peas, tlie efficiency 
of the mixed proteins Avas significantly loAver than tliat for 
the peas and methionine diet. AVlien the mixture Avas reduced 
to 12.5% of either cereal germ to 87.5% of peas neither one 
guA'e as good groAvth as the 0.3% methionine supplemented 
pea diet. This is true Avhether the measure used Avas aA'crage 
daily gain or average gain per gm of protein. 

SUJIMAEY AXD CONC’LUSIOXS 

A study of the quality of the proteins of Avlieat germ and 
of corn germ as a supplement for peas has been made using 
the gi’OAvth-promoting method Avith young rats. 

When used as the sole source of protein both of the products 
studied compared favorably Avith Avhole egg protein in rate of 
gain but the corn germ Avas significantly less efficient. 

As a supplement for Avhole peas, AAheat germ in equal pro- 
portions or as 25% Avheat germ to 75% cooked peas had as 
good a groAAffh-promoting value as peas supplemented Avith 
0.3% dl-methionine. 
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Com germ, fed in equal proportions with peas, produced as 
good results as the methionine diet but was not as efficient 
as methionine when used as 25% of the mixture. 

h^either product as 12.5% to 87.5% peas gave as good results 
as 0.3% dl-methionine added to peas. 

Under the conditions of this experiment, the Avheat genn 
product used was a better supplement for peas than the com 
germ. 
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on the cobalt deficient ration since their birth. The other 
animals of this group Avere purchased from farms Avhere 
symptoms of cobalt deficiency had been preA'alent and no 
cobalt therapy had been used. The normal animabs Avere also 
kept on the identical ration except that they received co- 
baltized salt (12.7 gni CoSO, • 7IL.0 per 25 lbs. iodized 
salt). The composition of the basal ration Avas kept constant 
in both groups, as it had been found by Lardinois et al. ( 'W), 
that the composition of the feed has a great effect on the 
production of B-vitamins in the rumen. The animals Avere kept 
on these rations for 6 months to 1 year before they Avere 
examined. In the deficient group, blood Avas collected from 
only those animals AA'hich Avere just beginning to shoAV de- 
ficiency symptoms, as evidenced by a sloAving of the growth 
rate. At this stage, the food intake of the deficient animals 
AA-as quite comparable to that of the normal animals. This 
policy AAuis adopted as Ave did not AA’ant to have the results 
complicated by inanition, Avhich is alAA’ays seen in acute cobalt 
deficiency. 

Oxalated blood aa^s collected in the morning and AA'as sent 
under ice to the laboratory AAdiere it aa^s kept in the I’e- 
frigerator until used. In no case AA'as the blood more than 
3 days old AA’hen examined. One ml of blood Avas mixed Avith 
7 ml of acetate buffer (pH 4.5), 1 ml of takadiastase solution 
(20 mg per ml), and 1 ml of papain suspended in AAmter (20 mg 
per ml) (Cheldelin et al., ’42). A little benzene AA'as added as 
a preservath’e to the mixture Avhich aa'hs then incubated for 
24 hours at 37° C. The mixture Avas then heated for one-half 
hour in floAA'ing steam, cooled, and filtered. An attempt Avas 
made to estimate the vitamins in this filtrate by the recognized 
microbiological methods, but too Ioav recovery and too much 
“drifting'” aa'us observed. A knoAvn A'olume of filtx'ate was 
therefore extracted Avith tAAuce its volume of ether and the 
ethereal layer AA-as discarded. The extraction AA-as carried out 
once more and the aqueous layer aa'us freed of ether by gentle 
heating on a hot plate and then made up to proper A'olume. 
This procedure eliminated entirely the “di-ifting” seen AA'ith 
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increased amount of unknown solutions. The recovery of 
added vitamins was also good, being mostly within 92—103%. 
Roberts and Sneirs method (’46), using L. casei \yas used for 
the determination of riboflavin, pantothenic acid, folic acid, 
and niacin. For the estimation of total p\U'idoxine, the method 
of Atkin et ah (’43), as modified by Eabinowitz and Snell 
(’47), was employed, using Sacchavomyces Corlshergensls as 
the microorganism. For this last method, 1 ml of blood was 
mixed Avith 9 ml of 0.05 N HCl, autoclaved for 5 hours at 15 
lbs. pressure, cooled, adjusted to pH 5.2, centrifuged, and the 
clear supernatant fluid used for analysis. With both L, casei 
and the yeast, an 18-hour incubation, followed by the turbidi- 
metric measurement of the gi’owth of microorganisms was 
used. In pyridoxine determination, the tubes were shaken 
continuously during* the whole period of incubation. 

The results of our findings are given in table 1. 

T.VBnE 1 

Conceniraiion of various vitamins in the Wood of normal and cohalt-deficient 
sheep. All values are in pg per ml of Wood, u;ith means and standard 
deviations from the mean. 


^^TAM^X UOR3XAL DEFICIZNT 


Kiboflavili 

0.265 2= 0.02S (13)’ 

0.235 It 0.035 (12) 

Tolie acid 

0.046 rt 0.008 (8) 

0.044 in 0.007 (6) 

Pantothenic acid 

0.418 m 0.070 (10) 

0.432 in 0.082 (13) 

Xicotinic acid 

12.14 1.81 (8) 

9.53 m 2.99 (6) 

Vitamin group 

0.118 :ii 0.018 (6) 

0.067 =z 0.010 (5) 


* The figures in parentheses represent number of animals examined. 


MSCrSSTOX 

No values for the riboflavin, folic acid, and vitamin B,; con- 
tents for normal sheep blood are aA’ailahle in the literature. 
Our values for the riboflavin content for nonnal sheep are 
lower than those reported in normal animals of other species 
by Strong et al. ( ’41) ; but as these authors did not carry ont 
any lipid separation from the blood extract, the values found 
by them might have been too high (Eckhardt et ah, ’41). Our 
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nous productTon If ctrtlironife ^-nniinants to eiidoffe- 

idin ot the B-vitamins is discussed. 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AM^AED 

Nominations are solicited for the 1948 Award of $1,000 
established by Mead Johnson and Company to px'omote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of 
the American Institute of Nuti’ition and the formal presenta- 
tion will be made at the annual meeting of the Institute in the 
Spring of 1948. 

The Award will he given to the lahoratorj^ (non-elinical) or 
clinical research worker in the United States or Canada who, 
in the opinion of the judges, has published during the previous 
calendar year January 1 to December 31 the most meritorious 
scientific report dealing with the field of the ‘B-eonrplex’ vita- 
mins. While the award will he given primarily for publication 
of specific papers, the judges are given considerable latitude 
in the exercise of their function. If in their judgment cii’cum- 
stances and justice so dictate, it may be recommended that 
the award be made to a worker for valuable contributiorrs over 
an extended period brrt not necessarily representative of a 
given year. Membership in the American Institute of Nutri- 
tion is not a requisite of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1947 must be in the 
hands of the Nominating Committee by January 10, 1948. The 
nominations should be accompanied by such data relative to 
the nominee arrd his research as will facilitate the task of the 
Committee of Judges hr its consideration of the nomination. 

E. X. Todhl"xtee 
University of Alabama 
University, Alabama 
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SOME OBSERVATIONS OX BEEF CATTLE 
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OR ANASARCA DUE TO VITAMIN A 
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States Department of Agriculture, BeltsviUe, ^largland 


ONE FIGURE 


(Keceived for publication July 2S, 1947) 


The fact that prolonged vitamin A deficiency in cattle may 
result in edema as characterized by swelling of the legs, 
shoulders and brisket, on the abdomen, in the hindquarters 
and elsewhere has been recognized for some time. This con- 
dition is'often referred to as anasarca. Hastings (’41, ’44), 
Cady (’42) and others have more recently called attention, in 
the popular press, to anasarca in fattening cattle apparently 
due to vitamin A deficiency in rations of which the grain con- 
sisted principally of yellow com. Similar eases have been 
brought to the attention of the Bureau of Animal Industry 
’tt'hen distillery slop and low-quality roughages have been fed 
to fattening cattle. 

In 1941 our attention (Creech and Madsen, ’42; Mohler, ’42; 
and Madsen, ’42) was called to a condition characterized by 
extensive edema of the subcutaneous adipose tissue and 
musculature of beef carcasses which was encountered by 

‘ N'ow Head, Dfpartmont of Animal Tfusbandry, Vtoh State Agricultural 
College, 

CO?. 


, Copyright, iOi7 

we »> of An.itrtmy and Biology. 
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Federal meat inspectors at several meat packing ostablisli- 
ments. In view of tlie unnsnally large number of cases of 
unrecogTiized origin (sec table 1) the senior author was called 
to the Corn Bolt area where a number of those cattle had been 
fed, to determine if a nutritional basis could be established for 
the disease since previous bacteriological studies had been 
entirely negative. 


T.VBLE 1 

Beef carcasses concJcinncd for anasarca hy months from Juhj, 1041 
to December t 10 iO, inchisive. 


YKAK 



lOil 

JOl'J 


25) n 

29 2.7 

2916 

Month))’ 

nvi’ra^t* 

January 


o 

3 

0 

5 

5 

5 

February 


3 

11 

5 

o 

12 

7 

March 


9 

4 

4 

3 

9 

6 

April 


6 

5 

5 

5 

10 

6 

^lay 


9 

10 

7 

9 

6 

S 

Juno 


5 

15 

9 

11 

5 

9 

July 

3 

12 

18 

18 

13 

10 

12 

August 

18 

3 

20 

3 

9 

8 

to 

September 

40 

6 

30 

3 

11 

3 

15 

October 

13 

9 

28 

5 

D 

7 

16 

IN'ovember 

20 

4 

13 

7 

11 

10 

11 

December 

lo 

5 

12 

6 

6 

12 

9 

Yearly total 

139 

75 

169 

81 

90 

97 



The present paper reports statistics on the number of beef 
carcasses condemned for anasarca by the Federal meat in- 
spectors during the years 1941-1946, and presents data on the 
occurrence, clinical appearance and history of field eases of 
anasarca as they were observed during the field trip to the 
Corn Belt in 1941. It also describes the experimental produc- 
tion of edema in vitamin A-defieient cattle and presents re- 
sults of observations made on the blood chemistry in both 
field cases of anasarca and experimentally produced cases of 
this condition. » 
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CAECASSES CONDEMNED 

The data giveu here on condemned carcasses M'ere furnished 
through the courtesy of the ]\[eat Inspection Division of the 
Bureau. The records show that 651 carcasses were condemned 
for anasarca by Federal meat inspectors from July, 1941 
through December, 1946. The distribution of these cases on 
a monthly and yearly basis is given in table 1. Heavy losses 
were encountered in the last half of 1941. Fewer cases were 
condemned in 1942 but losses were heavy in 1943. About the 
same number were condemned in 1945 as in 1946. It appears 
likely that the years of relatively few numbers of anasarca 
cases are related to the prevailing light or short-time grain 
feeding of steers. From these limited data it seems that more 
cases appear in the latter half of the year. These statistics 
do not represent the total loss among slaughter animals dne 
to anasarca since in cases in which the edema is localized the 
carcass may be retained, trimmed as found necessary under 
inspection and released. 

EIETiD CASES OF ANASAECA 

Statistics are not available on the number of cases of 
anasarca that develop nnder practical conditions. It is ob- 
vious, however, that more cases develop than are condemned 
at slaughter since some cases recover before slaughter because 
of timely changes in the ration, whereas others may die on 
the fann or become severely injured during convulsions while 
in transit. Seven farms having approximately 1200 cattle on 
feed were visited in the Cora Belt area by the senior author 
ill company with Dr. John S. Koen and Dr. H. J. Classick, both 
veterinaiians of the Bureau of Animal Industry' on field 
assignments. Case reports from 2 of these farms are pre- 
sented to illustrate (1) the development of vitamin A de- 
ficiency associated ^vith anasarca under ordinary feed lot 
conditions and (2) a means of preventing serious losses by 
simple corrective feeding. 

Case 1. Mr. G. started feeding 41 head of yearling Hereford 
steers, obtained from the West, in November, 1940. They were 
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started on feed Avith corn and fodder of the 1940 crop and 
about 1 pound per liead per day of a mixture of equal parts 
molasses and alfalfa which was continued until June, 1941. 
AVhen the hot Aveather came during the latter part of June 
and persisted through July and August the cattle “Avent off 
feed,” but no edema Avas seen by the oAvner, At this time 
feeding alfalfa hay of the 1940 crop 3 times daily improved the 
appetite of the steers and they Avere soon brought back to 
full-feed. Eai’ly in September oat straAv Awas substituted for 
the alfalfa hay. StraAV feeding Avas continued until early in 
December Avhen Dr. Koen Ausited the farm and suggested a 
change m roughage from oat straAv to alfalfa on the basis of 
information he had receiAmd from the Bureau that anasarca 
may be due to A’itamin A deficiency. At this time about 30 
animals of the group had SAVollen legs and enlarged briskets. 
One steer could hardly AV'alk and 1 animal had recently been 
shipped to Omaha and condemned for anasarca. AVe visited 
the farm on December 18, 1941, about 2 Aveeks after alfalfa 
feeding Avas started, and according to Dr. Koen improvement 
in the cattle Avas CAddent. Dr. Koen and Dr. Classick visited 
this farm again on January 21, 1942, and found so much im- 
provement in the cattle that little or no edema could be ob- 
served. All of the cattle Avere sold about 1 Aveek later, or 
approximately 8 Aveeks after alfalfa feeding Avas started, Avith- 
out evidence of anasarca. 

Case 2. On this farm 135 yearling steers AA'ere started on 
feed in October, 1940. The animals Avere turned into a corn 
field Avhere they had access to corn stalks and some blue-grass 
until January, 1941. At this time they Avere taken up to the 
feed lot and given Atlas sorghum silage at about 30 pounds 
per head daily and all the ground yelloAv corn (1940 crop) 
they Avould clean up. A small amount of soybean hay Avas also 
given until the supply Avas used, about June 1, 1941. At this 
time feeding of oat hay Avas started and corn silage Avas fed 
until August. After all the silage had been consumed, oat hay 
Avas continued as the only roughage. On November 6, 1941, 
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20 of the steers were shipped to Omaha, and of this gi-oup 1 
was condemned for anasarca. A few more animals were sent 
to Chicago about the middle of November and 1 of these was 
also condemned for anasarca. Another steer became very 
lame and a veterinarian advised that the animal had probably 
sprained its leg, and that the steer should he killed and used 
for food. The steer was butchered but the eai’cass was declared 
unfit for food owing to generalized edema. 

When we visited the farm on December 19, 1941, several 
animals showed marked symptoms of vitamin A deficiency. 
One animal was blind and had swollen legs and brisket. This 
animal was down and died the following day. Two other 
steers were also markedly affected, 1 was blind and another 
had severe edema of the legs, brisket and shoulders. 

Twelve days previous to our visit Dr. Koen had seen these 
cattle and suggested feeding alfalfa as in case 1. This had 
resulted in a marked improvement in appetite and general 
appearance of the steers. The foreman commented that the 
cattle could get up and go to the feed bmiks with greater ease 
since they had been receiving alfalfa, and that the lameness 
which had been previously noted had now practically dis- 
appeared. The foreman also characterized as “fish-eyes” the 
peculiar protruding eyes of several of the cattle, a condition 
which is typical of vitamin A-defieiency blindness. 

The findings presented in these 2 cases were typical of con- 
ditions noted on other farms where cases of anasarca were 
seen. In some instances other symptoms of vitamin A de- 
ficiency such as diarrhea, constipation, nightblindness, stiff 
gait and convulsions were prominent. In 1 instance impaired 
vision in the cattle was not suspected until difficulty' was en- 
countered in loading the cattle on a truck. On this farm the 
vision of an apparently blind steer improved remarkably 
after alfalfa hay’’ had been added to the ration in place of oat 
hay. In some feed lots anasarca developed in cattle fed 
stored corn, but in these cases a low-carotene roughage was 
also used. 
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KXPEUTMENTAL CASES OF ANASAPCA 


Experimental eases of anasarca Avere produced l)y feediii 
either a carotene-delicient ration (diet 1) or one containiii 
a laige amount ot yellow corn (diet 2), the roughage in both 
cases being supplied by oat straw. The concentrate portion of 
diet 1 had the tollowing percentage composition: dried beet 
pulp, 45; cracked white corn, 40; linseed meal, 7; soybean 
meal, /; steamed bonemeal, 0.5; and salt, 0.5. The concen- 
tiate portion ot diet 2 consisted, in per cent, of cracked yellow 
com, 80; dried beet pulp, 8.5; linseed meal, 10; steamed bone- 
meal, 1 ; and salt, 0.5. Vitamin A-deliciency edema was readily 
pioduced when cattle were restricted to eitlier of those rations 
foi se\eral months. In a number of instances, after the ap- 
peal ance of anasarca, the diet was supplemented witli 1 of 
se\eial sources of carotene and vitamin A such as alfalfa leaf 


meal, carotene concentrate, crystalline carotene, cod-liver oil 
and distilled vitamin A concentrate in natural ester form. In 
all such cases, anasarca, as well as other symptoms of vita- 
min A dehciency except permanent blindness, was entirely 
relieved with the treatment. 


A complete history is given for only 1 case (steer 411) in 
which the course of depletion and the* development of defici- 
ency sjmaptoms were quite characteristic of all the other cases. 
Since a significant part of the story is believed to be told by 
the results ot tlie blood analyses which were made at approxi- 
mately monthly intervals on a number of these edema cases, 
these data are included in the history, although the general 
subject of blood analyses in these cattle is treated in a later 
section of this paper. 

^ Steel 411 on which the case history of experimental edema 
IS based was fed individually on diet 2 (80% yellow corn). 
This animal was^ a purebred Shorthorn approximately 7 
months old weighing 613 pounds at the beginning of the ex- 
periment, Feed consumption, live-weight gain, together Avith 
the appearance of progressive symptoms of convulsions, 
diarrhea, blindness and edema are indicated in table 2 and 
illustrated in figure 1. Attention is called to the fact that 
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there was an increase in grain eonsiimecl up to the three 
liundrecltli clay, but that feed consumption and rate of gain 
decreased at ter tliis time. No blood analyses were made after 
tlie three hundred and twenty-eighth day. Typical changes in 
the plasma protein fractions were observed at about the same 
time that edema appeared. Plasma carotene, vitamin A and 



Fig. 1 .These iihotographs illustrate symptoms of vitamiu A deficiency in 
steer 411 after 309 days on diet 2. A. The steer is blind and has a rough, dry 
hair coat, but has made fairly good gains in weight. B. The hiud legs are 
swollen due to edema. C. Kapid respiration was common and even panting occurred 
on slight exertion in hot weather. Note slobbering. D. Convulsions occurred 
frequently. The head is drawn back typically. Xotc left horn fracture (C) re- 
ceived during previous convulsions. 
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vitamin C decreased in tlie usual manner, but there were minor 
fluctuations in these during the experiment. Serum calcium, 
inorganic phosphorus and phosphatase activity tended to de- 
crease but the changes were not marked until after about the 
three hundredth day at which time the food intake also 
decreased. 

The highest average grain consumption for steer 411 was 
recorded for the period between the two hundred and eighty- 
ninth and three hundredth days. An average of 17.9 pounds of 
gi'ain mixture or 14.3 pounds of yelloAV corn was eaten daily 
at this time. On analysis the corn was found to contain 2.1 iig 
of crude carotene per gram and on biological assay with rats 
a value of 1.6 Inteniational Units (I.U.) of vitamin A per 
gi’am was obtained. At the above level of yellow corn con- 
sumption, and using the assay figures just mentioned, the 
steer received 13.6 mg of crude carotene daily, or 10,378 I.U. 
of vitamin A. This amount of carotene from yellow corn was 
iusufScient to alter the course of -vitamin A depletion. Peed 
consumption declined, edema increased and the animal died 
in con-vulsion on the three hundred and forty-third day of the 
experiment. Another steer on the same ration died in con- 
'mlsion on the two hundred and forty-ninth day of the experi- 
ment. In this case edema appeared about the two hundred and 
thirteenth day, and some impaiimient of day vision was evi- 
dent before death. 

These findings add further evidence to the field observations 
that vitamin A-deficieney symptoms together with edema de- 
velop in fattening cattle when their ration is made up of 
yellow coim, a protein supplement and a low-carotene 
roughage. 

BLOOD ANALYSES 

Before attention was directed to the field cases of anasarca 
occurring in the Corn Belt, some data were already available 
ou the composition of blood from a number of experimental 
mfnnals both under conditions of apparently nonnal health 
also at vai-ious stages of vitamin A deficiency which de- 
veloped during prolonged use of diet 1. These data seemed 
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to indicate that there were certain characterhstic changes hi 
the composition of the blood, particularly with respect to the 
protein fractions, approximately coineident with the develop- 
ment of edema in these vitamin A-deticient animals. Analyses 
of blood obtained from some iield cases of anasarca were 
undertaken primarily for the purpose of further eharacteidza- 
tion of tlie general physiological condition of the animals and 
also for the further identification of this condition with the 
edema occurring in the experimental animals depleted of vita- 
min A. Results of analyses of blood from the field cases 
seemed to indicate that changes had occurred here similar to 
those in the experimental edematous animals. In view of the 
feeding practices under which tlie anasarca cases observed had 
developed in the Corn Belt, blood studies were also made on 
animals which were fed diet 2 containing 80% yellow corn. 

Blood samples for analysis were drawn from a jugular vein. 
For the preparation of plasma samples, exactly 30 mg of 
neutral potassium oxalate were used as anticoagulant for each 
10 ml of blood. Plasma proteins were fractioned by Howe’s 
(’21) micro-method with the variation later recommended by 
him (’23) that 0.75 molar sodium sulfate be used for the 
precipitation of fibrinogen in plasma instead of calcium 
chloride. All nitrogen determinations were made on aliquots 
of the filtrates by a micro-Kjeldahl method. The spectro- 
photometric method previously described by jMadsen and 
Davis (’38) and Davis and Madsen (’41) was used for deter- 
mination of plasma carotene and vitamin A. Plasma vitamin 
C was determined by the method of Mindlin and Butler (’38). 
Serum calcium was determined by the Clark-Collip modifica- 
tion of the Kramer-Tisdall method as described by Hawk and 
Bergeim (’37) ; serum magnesium was precipitated according 
to the method used by Godden (’37) and determined as 
phosphorus by the method of Bodanslcy (’32). Bodansky’s 
( ’33) methods were also used for the detei’mination of serum 
inoi’ganic phosphorus and serum phosphatase activity. 
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RESULTS 

The results of analyses on cases of experimental edema pro- 
duced ill 7 beef animals have been averaged and paired witli 
the average of observations made on these same animals when 
they were nomal. The averages are presented in table 3 
together with the average results of blood analyses made on 
5 field cases of anasarca. 

It is obvious from the figures presented in table 3 that the 
plasma protein fractions in the experimental animals with 
edema differ significantly from those in the same animals 

TABLE 3 

Sammarj/ of results of blood analyses from feld and experimental 
cases of anasarca and normal beef animals. 


EXPEEIifENTJLI# CASES 


CONSTITLENTS 

OT a 
FrEin 
CASES OV 
WASLVnCA 

Averages 
of 7 
with 
edema 

Averages 
of 7 
when 
normal 

Cafcnlated 
odds^ — 
edematous 
vs normal ’ 

Xurogen fractions in plasma : 

Total plasma nitrogen, gm/100 ml 

1.263 

1.150 

1.076 

104 

Xon*protem nitrogen, gm/lOO ml 

0.038 

0,036 

0.037 


Fibrinogen nitrogen, gm/100 ml 

0.161 

0.150 

0.061 

191 

Euglobulin nitrogen, gm/100 ml 

0.166 

0.180 

0.136 

51 

Pseudoglobulin nitrogen, gm/100 ml 

0.491 

0.384 

0.318 

1999 

Total globulin nitrogen, gm/100 ml 

0.811 

0.714 

O.olo 

2499 

(including fibrinogen) 

Albumin nitrogen, gm/lOO ml 

0.414 

0.400 

0.524 

587 

A/G ratio 

0.51 

0.56 

1.02 


Vitamins in plasma : 

Carotene, Mg/100 ml 

31 

21 

67 

26 

Vitamin A, Mg/100 ml 

8 

7 

23 

9999 

Vitamin C, mg/100 ml 


0.25' 

0.37* 

13 

Constituents in serum: 

Calcium, mg/100 ml 

Magnesium, nig/100 nil 


10.01 

2 63 

11.00 

2.72 

160 

Inorganic phosphorus, mg/100 ml 


5.60 

6.74 

40 

Phosphataso activity 

(Bodansiy units) 


2.28 

4.24 

232 


'Stutlent’s mothoii used for sigmiicance between means of paired 

observations in experimental cases of anasarca and corresponding normal control 
values. 

’Average for only 4 animals. 


G14 


h. L, MAIWKK A.N'I> I. KAIILK 


when nonual. Attention is called to the increases in fibrinogen 
and total globnlin and to the decrease in albumin in the ani- 
mals with edema. 

Low values for plasma carotene and vitamin A were ob- 
served in all cases of anasarca. Calculated odds for estimating 
the signiticance of ditferences in the pairs of average values 
for plasma carotene and for vitamin A were greater for vita- 
min A than for carotene. This may be explained by the uni- 
formly low values for vitamin A and carotene in all eases 
of anasarca as contrasted with uniformly high values for 
vitamin A and high, but variable, values for carotene in normal 
animals. The carotene intake of the normal cattle was not 
standardized, but in all cases was above a deficiency level. 
In the field cases of anasarca the average blood carotene and 
vitamin A were higher than in the experimental cases, a con- 
dition which is probably due to the fact that alfalfa hay feed- 
ing had already been started in some of these animals when 
blood samples were taken. 

Avei’age content of vitamin C in plasma was found to be 
lower while edema was present than when it was absent in 
the same animals. The sigiiificanee of the difference in the 
2 averages is shown by the calculated odds not to be great, 
liowever, probably because data for this comparison were 
available from only 4 pairs of observations and because the 
degree of vitamin A deficiency was not the same in all the 
animals when the observations were made. In the 4 cases 
observed there was always a decrease in plasma A'itamin C 
as the deficiency of vitamin A progressed but the drop was 
not uniform in all cases. This decrease in plasma vitamin C 
in cases of vitamin A deficiency Avas first demonstrated by 
Phillips and coworkers (’38). 

While serum calcium, magnesium and inorganic phosphorus 
tended to decrease slightly from the levels observed when the 
same animals were normal, the values still remained well 
within the normal I’ange. There Avas, however, a decrease 
from normal in phosphatase activity of the serum in all eases 
of experimental anasarca studied. 
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DISCUSSION 

Losses due to aiiasavea associated with vitamin A deficieucy. 
are economically important. Nevertheless they can he pre- 
vented by proper feeding. Supplying fattening cattle with a 
small amount of well-cured alfalfa hay suecesstnlly avoided 
.serious losses in 2 instances cited. Any other well-cured hay 
having a good green color, well-made silage, green pasture or 
a marine oil such as cod-liver oil would no doubt have ac- 
complished the same purpose. The prevention of anasarca 
or of other symptoms of vitamin A deficiency by the use of 
proper feeds does not necessarily discourage the highly 
economical practice of feeding low-carotene roughages such 
as ordinaiy cereal hay, straw and com stover, etc. When 
these roughages are used, however, it is neeessaiy to supydy 
a supplementary ration of well-cured green hay to avoid 
possible vitamin A depletion in the latter paid of the feeding 
period. 

Opinions have been expressed in the literature and have 
been prevalent among some cattle feeders that anasarca is 
caused by feeding stored com. In both field and experimental 
cases of anasarca presented in this paper, howev'er, yellow 
corn of the current season’s crop failed to prevent the de- 
velopment of either anasarca or other symptoms of vitamin A 
deficiency. This obseiwation eonfiims the report by Hastings 
(’44). The real error in practical feeding appears to be not 
in the use of old com but in the exclusive use of low-carotene 
voughages such as oat hay and straw and the failure to sup- 
plement those low-carotene roughages with .gi-een hay less 
than 1 year of age. Average yellow coni u.sually contains no 
more and often less carotene than a low grade hay. Com 
should not be depended upon to supply enough carotene to 
satisfy the vitamin A needs of cattle. 

The clinical symptoms and blood findings presented nugge.st 
that the field eases and experimental cases of anasarca prob- 
ably arose from the same condition. All cases of anasarca 
ob>ervod evidenced low levels of blood carotene and vitamin 
A and, in addition, showed the .‘*ame changes in blood yn'otein 
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fractions. TJiese cliangos consisted esscMitially of an iuereaseil 
level of total globulins, due principally to increased fibrinogen 
and, to a lesser degree, to increases in tlie euglobulin and 
pseudoglobuliu tractions. At the same time there Avas a 
definite, although not in OA^ery case large, decrease in plasma 
albumin. The total protein Av^as usually sliglitly elcAmted A\dien 
edema Avas present. 

iho relation of the altered i)rotein picture to Adtamin A 
deficiency is not apparent. Increases in fibrinogen in condi- 
tions in Avhieh destruction and inflammation of tissues occur 
and increases in other globulin fractious, either Avitli or Avith- 
out increased fibrinogen, in cases of chronic infections, are 
usAuilly accompanied by some reduction in albumin coiicen- 
tiation, an ofTect presumably secondary to the increase in 
globulin. Since a reduction in blood albumin is a primary 
factoi in some types of edema, the question arises as to the 
1 elation betAveen the loAvcred albumin and the development of 
edema in these cattle. The concept of an increased tendency 
toAvard transudation and accumulation of fluid in the inter- 
stitial tissues Avith a loAvering of the plasma colloid osmotic 
piessure is a familiar one. In tliis relation, the concentration 
of albumin is of greater significance than that of globulins, 
since the allnnnin exerts about 2.4 times as great an osmotic 
piessuie as the globulins. It is estimated that at the so-called 
critical loA^els for albumin nitrogen and for total plasma nitro- 
gen in the human (i.e., levels beloAv Avhich edema usually ap- 
pears), the plasma colloid osmotic pressure is reduced to 
roughly tAvo-thirds of the normal level (Uoore and Van 
Slyke, ’30). 

If it is assumed that approximately similar relative levels 
for albumin and for total protein are critical for cattle, it 
becomes apparent that the averag’e reduction in albumin oh- 
seiA^ed in the anasarca animals is not great enough to account 
for the appearance of edema, especially in aucav of the increase 
in total pi'otein. Values for colloid osmotic pressure calcu- 
lated by application of the formula of Wells, Youmans and 
Miller (’33) to data obtained on concentration of proteins in 
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serum of these animals (unpublished data), also suggest that 
increases in globulins are great enough to compensate in lai'ge 
measure for the reduction in albumin. It is believed, therefore, 
that the occurrence of edema in these animals is not entirely 
related to a lowering of the colloid osmotic pressure of the 
plasma brought about by a lowering of the albumin concen- 
tration. 

SUilYIARY 

Statistics are presented showing that 651 beef carcasses 
were condemned for generalized edema or anasarca by Fed- 
eral meat inspectors during the period of July, 1941 to 
December, 1946, inclusive. Other sjTnptoms of vitamin A de- 
ficiency were found to be prevalent among cattle with anasarca 
in the Corn Belt area. This edematous condition was obseiwed 
to occur in cattle after a long fattening period in dry lot when 
fed either stored or new corn in combination with a roughage 
of low carotene content such as oat hav or straw. Alfalfa 
hay was highly effective in curing the condition. It is con- 
cluded, therefore, that the major dietary error in the pro- 
duction of this deficiency disease is the exclusive use of low- 
carotene roughages throughout the feeding period rather than 
the use of old yellow corn. 

Cases of anasarca were readily produced experimentally by 
feeding a carotene-deficient ration or a grain ration contain- 
ing 80% of new-erop yellow corn together with oat straw as 
roughage. 

Results of blood studies made on field and experimental 
cases of anasarca produced by vitamin A defieiencv indicate 
a marked similaiity in the 2 conditions. Affected animals 
showed: (1) deficiency levels of blood plasma vitamin A and 
carotene and a decrease in plasma vitamin C as the vitamin A 
deficiency progressed, (2) an increase in total plasma globulin 
due usually to a marked increase in plasma fibrinogen with 
smaller increases in the other globulin fractions, (3) a de- 
crease in plasma albumin, and (4) an increase in total plasma 
nitrogen. 
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fii tlie sonnn ol“ jiiroctecl futtle, enlcium aiitl inorganic 
piiosphorus decreased slightly; pliosjjhatase activity was re- 
duced while magnesinin was relatively unchanged. 

It is pointed out that the edema of vitamin A deticiency in 
cattle appears not to be entirely related to a lowered colloid 
osmotic pressure of the plasma through reduction in the al- 
bumin, since the inereases in other j^rotein fractions are esti- 
mated to compensate largel}' in this respect for the decrease 
in allmmin. 
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TWO nOTTEES 

(Received for publication Julv 28, 1947) 

The deficiency syndrome in turkey poults, caused by a lack 
of vitamin now knowm to be a form of pteroylglutamic acid, 
'vas first described by Eicbardson, Hogan and Hempster 
(’15). Growth failure, cervical paralysis, and lowered red 
cell volume were the principal deficiency signs. Folic acid 
(pteroylglutamic acid) deficiency in turkey poults has more 
I’ceently been described by Jukes and associates (’47). 

The present paper is concerned with the detennination of 
the folic acid level necessaiy for full gi-owth, normal hemo- 
globin production and normal feathering of the turkey poult 
fed purified diets which differ in their protein content. 

EXPEKIIIEXTAL 

One hundred and two turkey poults whicli had been fed a 
starting mash for the first S days of life, were distributed 
in 11 groups according to weight and color type, so that each 
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group coutiliiicil 10 birds, except (bat groups 8 and 0, which 
received no folic acid, were allotted oidy G poults each. The 
4 color types which comprised the hatch were distributed 
so that each group contained b or G ])oults of the Jersey bull’ 
color type and 1 or 2 each of the black, barred, or white types, 
to make a total of 10. 

The 2 purified diets dill’ered in their contents of casein, 
gelatin and starch but contained the same (luantities in grams 
per 100 gm of diet, of the following ingredients: sucrose, 10; 
corn oil, 10; mineral salts 5; CaTIPO,, 2.0; t'a CO.i, 0.4; cod 
liver oil (2,000 U.S.P. units of vitamin A and 400 A.O.A.C. 
units of vitamin D per gram), 0.7 ; choline chloride 0.2; inositol, 
0.1; and para-aminobenzoic acid, 0.1. The following quan- 
tities of additional vitamins were provided per 100 gm ot 
diet: thiamine, 1 mg; pyridoxine, 1 mg; riboflavin, 2 mg; 
calcium pantothenate, 2 mg; nicotinic acid, b mg; 2-mothyl'l, 
4 naphthoquinojie, 2.b mg; mixed tocopherols, 2.b mg; and bio- 
tin, 10 Mg. 

In an earlier exiieriment, poults which consumed a purified 
diet in which 43% protein was supplied by casein (37%) and 
gelatin (10.6%) grew better than those on a starting mash, 
made of commonh^ used ingredients, containing 2b% protein. 
For the present experiment these same diets Avere used, and 
in addition a purified diet containing 2b% protein siqiplied 
by casein and gelatin, in the same ratio as that used for the 
diet containing 43% protein, so that a comparison could be 
made of the results, at the same protein level, on the purified 
diet and on the starting mash. 

Diet A (25% protein) was iDrepared by adding 21.4 gm of 
casein (alcohol extracted), 6.1 gm of gelatin, and 44 gm of 
starch to the above ingredients to make 100 gm. 

‘The salt mixture, devised by A. G. Ilogau (personal eommuiiieation), 
following composition and was modified only by doubling the quantity of man- 
ganese. The quantities are expressed in grums. CaCOj, 267; CallPO, • 2HjO, 416; 
MgCO,, 25; MgSO, ■ THA 30; NaO, 127; KCl, 21; FePO, • 4H:0, 20; KH,P 04 , 
315; MnSO, • 4H,0, 50; CuSO. • 511.0, 1.6; Al, (SO.) • K,SO. ■ 2411,0, 0.24; Kl, 
0.6; Coa, • 6H,0, 0.06; ZnSO, • 7H.O, 0.05; and XaF, 1.0. 
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Diet B (43% protein) was prepared in the same manner 
by the addition of 36.7 gm of casein (alcohol extracted), 10.5 
gm of gelatin, and 24.3 gm of starch. 

Diet C (25% protein) was an open formula, commercial 
starting mash of the following percentage composition : wheat 
bran, 8 ; wheat standard middlings, 7 ; crushed wheat, 11 ; yel- 
low corn meal, 15.5 ; low fiber oats, 7 ; alfalfa meal, 7.5 ; soybean 
oil meal (41%), 24; meat scrap (55% protein), 4; fish meal, 
4; brewers’ yeast, 3; riboflavin supplement, 0.4; dried whey, 
5; ground limestone, 2; dicalcium phosphate, 1; iodized salt, 
0.5; and “D” activated animal sterol, 0.1. ^langanese sulfate 
was included in the ration so that each 100 gm contained 0.018 
gm. Dried Avhey was fortified with riboflavin to contain a 
minimum of 5 mg per 100 gm. The D-aetivated animal sterol 
provided 200 A.O.A.C. chick units of vitamin D per 100 gm of 
ration. 

Synthetic folic acid was added as an alcoholic, buffered sol- 
ution containing 0.5 mg per ml, at the feeding levels shown in 
tbe tables. 

EESULTS AXD DISCUSSION 
Growth 

After 40 days (48 days of age) and after 56 days (64 days 
of age) on experiment, the poults receiving 43% protein, diet 
B, Avere significantly heaifier than those on diet A, containing 
25% protein, at all levels of folic acid supplementation (table 
1). For each protein leAml, the Aveights at 40 days showed 
a tendency to be greater as the quantity of folic acid in the 
ration Avas increased, except that groups 14 and 17 shoAved 
lower body AA-eights than those of the groups receh'ing the next 
loAA’est level of folic acid. At this time tbe poults fed the 
stalling mash, gi’oup 18, Aveighed less even than those on diet B 
with 0.5 mg of folic acid. 

After 56 days on experiment, too feiA' birds remained in 
groups 10, 11 and 13 to permit their inclusion in a comparison 
of body Aveights. Those consuming diet B and 1.5 and 2.0 m«- 
of folic acid per kg of feed Avere significantly heavier than 
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those on the corresponding- levels of folic acid and being fed 
le ^ {2o/} jirotein). This dilTerence was undoubtedly due 
to t le dHTeience in protein levels. At this time, the poults 
ted diet C (starting mash) were slightly but not significantly 
Jieavier than the group on diet B and a 2.0 mg level of folic 

aci . Actually, only 2 poults on the starting mash were heavier 
than those receiving diet B, 


TABLE I 

Growth of turUy on hv(h of folic ori.l. 


caoup 

NO. 

roLic 

ACID 

I.N’ITZAZ* 

WEIGHT 

8 DAYS 

WEIGHT, 10 DAYS OP 

expeuime.nt; 48 days 

up AGE 

WLIGHT, 5G DAYS OP 
KXPEaiMKNT: 04 DATS 
OP AGE 


mff/ka 

am 

am 

am 

8 

10 

12 

14 

16 

0.0 

0.5 

1.0 

1.5 

2.0 

Diet A. 
C8 ( 6)‘ 
7-1 (10) 

7-1 (10) 

72 (10) 

74 (10) 

25% protein 

( 0) 

41S ( 8) 

449 (10) 

422 (10) 

4C9 (10) 

■ ( 0) 

(490)' (1) 

608 (10) 

043 (10) 

082 (10) 

9 

11 

13 

1*5 

17 

0.0 

0.5 

1.0 

1.5 

2.0 

Diet B. 
71 ( 6) 

74 (10) 

71 (10) 

72 (10) 

73 (10) 

43% protein 

( 0) 

579 ( 0) 

059 ( 7) 

725 ( 8) 

084 ( 8) 

• ( 0) 

(000) ( 1) 

(048) ( 4) 

918 ( 8) 

974 ( 7) 

18 

Starting 

mash 

Diet C. 25% protein in starting mash 

(10) 562 ( 9) 

1017 ( 9) 

^ Poults 

per group. 





’Insnfficieut number of poults for comparison. 


S^ins noted, after 40 days on the experimental 
diet in the case of all of the groups fed 43% protein and folic 
aci supp ements, in contrast with the gain on the starting 
mash may have been due to the fact that the pattern and 
amino acids presented by the casein and gelatin 
of diet B met more adequately the requirements for early 
rapid growth than did the ingredients of diet C, the starting 
mash. At 56 days these requirements may have been less. 
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or the folic acid supplements, except for the 2.0 mg level, may 
have been inadequate for the heavier birds. 


Cervical paralysis 

Observations of the develojiment and incidence of cervical 
paralysis are shown in table 2. Paralysis occurred in all groups 


T-IBLE 2 

Development of cervical paralysis and mortality in tnrjcey pO}{lis, 


CEOUI* 

xo. 


IXITUL 
xo. Or 
BIKDS 


xvi^Kor. 

KO. I)AT3 

FOLIO DAYS TO 

ACID TO FIRST 

PAEAL- CASE 

Y3TS 


DATS 

TO 

LAST 

CASE 


AVERAGE IIORTALITV 

NO. 

DAYS Cervical 

TO paralysis Other causes 
DEATH no. 


mafkQ 


Diet A. 25% protein 


8 

6 

0.0 

37 

36 

37 

38 

5 

1 

nonpathological 

10 

10 

0.5 

44 

33 

56 

45 

9 

1 

nonpathologic.al 

12 

10 

1.0 

62 

59 

64 

63 

7 



U 

10 

1.5 

59 

59 

59 

62 

2 

1 

1 

nonpathological 

perosi? 

16 

10 

2.0 

0 

0 

0 

0 

0 

2 

nonpathological 





Diet B. 

43% protein 




9 

6 

0.0 

27 

21 

30 

29 

6 



11 

10 

0.5 

41 

32 

56 

43 

10 



13 

10 

1.0 

50 

34 

55 

51 

5 

1 

o 

nonpathological 

perojia 

15 

10 

1.5 

52 

54 

68 

53 

4 

2 

1 

nonpathological 

perosia 

17 

10 

2.0 

0 

0 

0 

0 

0 

o 

nonpathological 



Diet C. 

25% protein in 

starting mash 



18 

10 

Starting 

mnsh 

0 

0 

0 

0 

0 

1 

nonpathological 


on the purified diet at both protein levels, except in those which 
leceived 2.0 mg of folic acid, the incidence decreasing -with 
an increase in the folic acid level. 

On diet A (25% protein), without folic acid, 5 of the 6 poult.s 
ni the group died following the onset of cen.'ical paraly.si.s and 
le other member died of a nonpathological canse 2 days 
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after the start of the exi)eriineut. fii this group tlie lirst 
case of paralysis was noted d() days after tlie start of the 
experiment and all 5 poults that developed paralysis were 
dead by the thirty-eighth day. Among the poults of groui) 9, 
consuming diet B (43% in’oiein) without a folic acid supple- 
ment, the first case appeared after 21 days of experiment and 
the last after 30 days, the average number of days to death 
being 29. The (I poults of this group all died of cervical 
paralysis. It is noteworthy that on the 43% ijrotein level, 
paralysis appeared 15 days earlier and the average mnnber 
of days until death was 9 less than that for the groipr con- 
suming diet A (25% protein). This di (Terence in the omset of 
paralysis may be due to the more rapid growth at the higher 
protein level. 

On both protein levels, when the folic acid supplied was 
0.5 mg, all of the birds died of cervical paralysis except 1 
on diet A which died of a non-pathological cause 12 days 
before the first case of paralysis occurred. In these groups 
and in those receiving 1.0 and 1.5 mg of folic acid pai’alysis 
appeared earlier and the average number of days to death was 
less at the 43% protein level than at the 25% level. 

Although at the 1.5 mg level of folic acid, 2 cases of cervical 
paralysis appeared in the grouj) which received diet A (25% 
protein) and 4 in the group fed diet B (43% protein), an 
increase of the folic acid suiDplement by 0.5 mg per kg of 
feed, so that the supplement was 2.0 mg, gave complete 
protection against the development of paralysis. No eases of 
paralysis appeared on diet 0, the starting mash. 

Feathering 

Throughout the experiment the feathering of all poults, 
except those receiving 2.0 mg of folic acid and diet B (43% 
protein), was subnormal as compared with that of the poults 
on the starting mash. The feathering departed from the nor- 
mal in that breast feathers did not fit the body, and the tail 
feathers were sparse and broken. The wing feathers were 
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ragged and broken and did not lie close to the bocy. e 
feathering of poults on diet B (43% protein) and ni^ 
of folic acid was indistinguishable from that of ponlt^ tec e 
starting mash, except that a few individuals showed some 
broken feathers Avhich may have been due to cage damage 
and a tendency for the wings to droop. The light tan co or 
of the Jersey buff poults was true to type foi all gioups 



1 ZS y. PR'. 1.5 MG. FA. 43 •/• PR- 1-5 MG. FA. 

Fig. 1 Feathering of poults in rel.'ition to protein (PR.) and folie acid (F.A..) 


levels, per kg of ration. 

except tliose ^vhicb received 43% protein and 2.0 mg of folic 
acid, in 'which case the coloi* was definitely darker. The darker 
brown color of the plum a ice was also noted to an e\ en more 
marked degree in an earlier experiment. 

Wing and tail feathers of typical subjects after 56 days 
on experiment are shown in figures 1 and 2, Using the feath- 
ering of the poults fed the starting mash as normal, it is 
apparent that only for the poults on the purified diet B, which 






45 “/. PR. 2.0 MG. FA. 

- 1' eathcring of poults in relation to 


levels, per kg of ration and a 


25 •/. PR. SI MASH 

protein (Pi?.) and folic acid (PA.) 


eoimnereial tiirko.v starting niasli (ST..MASII). 


Hematology 

llemo^lobiii \ allies \vere obtained from samples drawn from 
e eai at inteivals and as soon as signs of cervical paralysis 
appeared, the melliod ol Sebiillze and Elvelijem ( ’34) being 
used. Eeadings were made with a Plaltz and Bauer pboto- 

ot' lieinoglobin per 

Ti '"eie obtained from a standard curve for Avbicb 

dilutions of an acid bematin standard solution were used. 
Tbe readings were all taken with tbe diapbragm at 10 and us- 
ing a 5200-5300 A filter. In table 3 are listed tbe group aver- 
ages of tbe bemoglobin determinations. Tbe group receiving 
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tlie turkey startiiig mash has been taken as normal in con- 
sidering the relative hemoglobin values. 

It is evident that the hemoglobin values of the blood do 
not increase in direct proportion to the folic acid content 
of the feed. For none of the poults which survived (2 days 
of experiment on the pui’ified ration at the 25^ protein level, 
was the hemoglobin value as high as that obtained, at the 
corresponding folic acid level, when 43% protein was fed, 
indicating that the quantity of px’otein in the ration influences 
the hemoglobin content of the blood. On the purified ration 
containing 43% protein, only the group which received 2.0 mg 

table 3 


^euioglohin ralwes /or iurJcey poults at various levels of folic add supplementation. 


caomp 

KO. 

yoiac ACID 

paoTEiif 

\VEEAQE Hb OS' POITLTS 
WHICH DEVELOPZP 
PAHAliYSIS 

ATZEAGE Hb OF 
SUEVrVOES 
(72 DATS) 


mg/ha 

^0 

gmflOO ml 

gm/100 ml 

8 

0.0 

25 

6.7 


10 

0.5 

25 

6.6 


12 

1.0 

25 

7,3 

9,8 

14 

1.0 

25 

6.1 

s,s 

16 

2.0 

25 


10.5 

9 

0.0 

43 

6.9 


11 

0.5 

43 

5.7 


13 

1.0 

43 

6.4 

12.3 

15 

1.5 

43 

6.2 

11.6 

17 

2.0 

43 


12.7 

18 

Starting 

mash 

25 


13.0 


of folic acid bad a hemoglobin value essentially of the same 
order as that shown by the ponlts on the starting mash. The 
values for the blood of the paralytics, however, are essen- 
tially the same at both protein levels except that some lower 
values occurred in the groups on 43% protein. Jukes et al. 
(’47), on the other hand, have reported a hemoglobin level 
of 10 gm at 4 weeks on a diet containing approximately 25% 
protein. 

General appearance 

Frequent examination of the eyes, the skin of the feet, and 
the head did not reveal any abnormalities. Except for 4 cases 
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of pcrosLs liie posture of the birds was uormal. All of the 
birds oil the purilied diet had pendulous erops in an earlier 
experinieiit, but only a few eases were observed in the present 
trial. 


(! KXK a A L n 1 scus.s lOX 

It is evident that, of the 2 percentages of protein used in the 
purilied diets, 25% and 43%, the higher at each folic acid level 
promoted better growth and feather formation and higher 
hemoglobin. Lackey and coworkers ( ’46) have concluded 
that for the chick a delinite reipiirement for folic acid cannot 
be established because the response to a given quantity de- 
pends upon the type of ration used. The diet used by these 
investigators, which approached most closely the composition 
of purified diet A (25% protein) of the present experiment, 
promoted at 4 weeks of age, when the folic acid level was 

1.0 mg- per kilo, growth and hemoglobin formation inferior 
to that noted when corn meal replaced starch and contributed 
part of the protein, and 0.5 mg of folic acid was supplied per 
kilogram. The corn meal diet used by these investigators is 
the closest approach to the starting mash used in our experi- 
ment. These workers reported normal feathering in the chick 
when a purified type of diet was fed containing approximately 
25% protein (by calculation) from casein and gelatin, and 
0.5 mg of folic acid per kilogram of diet. IVhen the protein 
of the diet, approximately 40% (by calculation) was supplied 
bj'^ casein only, subnormal feathering was obtained even when 

3.0 mg of folic acid per kilogram of diet was provided. These 
observations and the difference in the feathering of poults 
at 2 protein levels in the present experiment suggest that, 
as long- as other requirements are met by knovm factors, it 
may be the quantity of amino acids essential for feathering, 
that is responsible for normal feathering rather than a 
specific feathering factor. 

Robertson et al. ( ’46) report that for the chick, at 6 weeks 
of age, approximately 0.25 mg of folic acid per kilogram of diet 
is necessary for survival ; 0.45 mg- for grovdh ; 0.35 mg for 
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lienioglobin formation and not less than 0.55 mg for feather- 
ing. The diet used by these investigators was of the purified 
type, containing 30% protein (by calculation) plus a factor 
S concentrate equivalent to 5% yeast. The turkey poult, ac- 
cording to the results reported in the present paper, requires 
at least 4 times the quantity of fohc acid for the several 
functions listed as does the chick. The higher reciuirement is 
in agreement with the generally accepted observation that the 
turkey poult has a greater need for certain nutrients as com- 
pared with the chick. 

SUABIASY AXD CONCLUSIONS 

The folic acid requirement for normal gi’owth of poults 
on a purified ration is 2.0 mg per kilogram of feed. 

At the 25% and 43% protein levels of the puidfied ration, 
2.0 mg of folic acid per kilogram of feed is required to prevent 
cervical paralysis. No cervical paralysis occurred in the gi’oup 
u'bicb consumed the turkey starting mash. 

hen the level of folic acid was 2.0 mg per kilogram of feed, 
normal feathering was observed in the poults receiving the 
purified diet with 43% protein, but at the same folic acid 
level those fed the purified diet containing 25% protein 
showed feathering that was distinctly subnormal. 

Although the hemoglobin values for the poults which did 
not develop cervical paralysis showed no direct relationship 
to the level of the folic acid supplement on either of the puri- 
fied diets, they were higher, 11.6-12.7 gm, on the diet con- 
taining 43% protein than those on the diet containing 25% 
protein, 8.8-10.5 gm. Those obtained on the 43% protein diet 
were essentially of the same order as that observed with the 
poults on the turkey starting mash. For the birds which de- 
veloped cervical paralysis, the hemoglobin values were lower 
nnd ranged from 5.7 to 7.3 gm per 100 ml of blood. 

ADDENDUAI 

Since this manuscript was completed, Lillie and Bri»»-- 
[Poultry Sci., 2G: 295 (1947)] have reported that New Hamp- 
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sliiie chicks loqui 10 a miniinuni of liiOfig of folic acid per 

r w? onr!*^ hiloyram of feed is reiiuired to prevent 

< nd that lOOp- per 100 y;m of diet (2.0 mg per kilo) is the 
leqiurement tor normal featherino-. 


.V CK \ OWL, EDO M iCNT.S 

folic acid and crystalline vitamins were siip- 
nrfn. ^ 4 -- ® Laboratories, Inc., and tJie vitamin A and J) 

N’ew Jersey ^^Lonal Oil Products Company, Harrison, 
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Altbougli a large number of canned meats and vegetable 
products have previously been assayed for vitamin content 
the number of tisb products wbich have been thus investigated 
IS relatively small. Recently it has been reported (Deuel 
et al., ’45) that at least some fish proteins are veiy complete 
■with respect to the growth requirements of the rat. The fol- 
lowing investigation was undertaken to determine the quan- 
titative distribution of certain growdb factors in different 
species of canned fish. 


EXPERIMENTAL 


Samples 


The method of collection of the samples has previously 
heen outlined by Clifeorn (’44). Each sample consisted of 
cans of the regular retail product and in most instances a 
report bearing a description of the location and date of 
catch, canning procedure, etc., accompanied each sample. 


Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. 


The vitamin D assays reported in this paper were carried out at the Wisconsin 
- lumni Research Foundation laboratories under the direction of Dr. H. T. 
cott, whose assistance is gratefully acknowledged. Thanks are due also to 
~ Jr., who did most of the thiamine determinations, 

fins work was a part of the National Canners .4ssociation-Can Manufacturer's 
ustitute Nutrition Program. 
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Twelve cans were opened, tlie contents combined, and the .solid 
and liquid povtioms separated witli a fine .screen. Tlie liquid 
tractioms were discarded e.xcept in tJie case of several of the 
products canned in vegetable oil. A few of tliese oils were 
analyzed for their vitamin A and D contents. The solids were 
len mixed by band as thoroughly as joossible, pa.ssed through 
*1 meat grinder, mixed again and stored in the 

temperature. All assays were carried out 
Uotore this preparation was over 6 weeks old. For assays of 
vitamins A and D this material was used directly or it“ the 

-simply clarified by filtration. 

. le vatei-soluble vitamin assays were carried out on a 
secoiK pieparation made from time to time by mixing an 
equa m eight ot the above material and distilled water in a 
aun^ endoi. All assays, except those for folic acid and 
y amm , veie done in duplicate. The samples packed in 
omato sauce were not separated into the solid and liquid 
lac ions lut the entire contents of the cans were prepared 

K assayec in the same manner as the solid iiortion referred 
to above. 

The 11 samples of salmon assayed consisted of a ditl’erent 
-pecies o t le genus Oucorlnjnchusy represeiitingf wliat are 
common j eal.ed led, chinook, chum, coho and pink salmon. 


Assay methods 

A. Vitamin A was determined bv the antimony 
trichloride method of Dann and Evelyn ( ’38) using the saponi- 
eation procedure of Jensen and With (’39). It was found 
la ^ e VI amiu A content of the muscle tissue and oil was 
ex leme oan. In addition considerable carotenoid pigment 
appeaie in t le final chloroform extract although much of this 
could be removed by the separation procedure of Boyer, Phil- 
ips anc mith ( 44). This separation procedure was used 
for the analyses of the oil from the Atlantic sardines and 
mackeiel. The blue color of the vitamin A-antimony tri- 
chloride complex was much more stable in extracts made bj 
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saponification of the oil than by saponification of tlio muscle of 
these 2 species. 

ilost species of salmon examined contained varyin^f 
amounts of the astacin-like pigment described by Bailey ( ’37). 
In making saponifieations of the whole muscle it was found 
that this pigment foimed an alkali salt slowly and only after 
refluxing for a period of 2 hours was it almost completely 
removed with the saponified fraction. This technique appar- 
ently permitted fairly accurate cheeks to be obtained in the 
salmon analyses. 

Thiamine. The thiochrome method of Ilennes.sy (’-12) as 
outlined in the U.S. Phaimacopoeia (’47) was used for thia- 
mine analyses. After incubation of the samples with the pro- 
teolytic and diastatic enzvme (“polidase”)" the digests were 
extracted with ether to facilitate their passage through tlie 
adsorption columns. 

Ribofiavin. For ribofiavdn the microbiological method recom- 
mended by Strong (’47) was used. Since all samples contained 
appreciable quantities of fat the techniques suggested for its 
removal were employed. 

Pantothenic acid. The L. cdHci method of Meal and Strong 
(’43) was used for pantothenic acid. The vitamin was liber- 
ated by digestion with “mylase P” according to Ives and 
Strong (’46). Precautions to remove fat were again e.xerei.sed. 

Biotin. L. arahinosufi was used to measure biotin (VWigbt, 
’47). 

Nicotinic acid. L. arabinofotfs was also used to assay nico- 
tinic acid. The technique used was that of Snell (’47), 
Pyridoxine. The N. rarhbcrfjcnfiik method of Atkin et al, 
(’43) was used with certain modifications of incubation pro- 
cedure for the determination of pyrido-xine activity. Hither 
shaking in large test tubes (2,2 X -t) cm) or stagnant incu- 
bation in 125-ml Hrlenrneyer flasks proved capable of provid- 
ing the desired turbidity in 18-20 hours at 
Folic acid, in each case the samples for folic acid v/ere 
treated with a crude eonjugase preparation. The latter was 
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prepared by disintegrating in a AVaring Blendoi*, 1 part of 
fresh, hog pancreas with 3 parts of water (weight to weight) 
and filtering to remove the large particles. This conjugase 
treatment usually increased the level of the vitamin from 50 to 
70 fold as measured by the L. casei method of Teply and 
Elvehjem (’45). 

TABLE 2 

Vitamin D content of canned fsh. 


SAMPLE ^ 

USP VIT D 
u^riTS era 

100 GM 

SAMPLE 1 

USP VIT I> 
UXIT3 PIS 
100 GM 

Atlantic mackerel 
1 

250 

Salmon 

1 

500 

o 

250 -f 

2 

500 

3 

165 

o 

vf 

oOO-r 

4: 

250 

4 

500 

Pacific sardines 


5 

500 

1 

333 

6 

500 

o 

333 

7 

500 

3 

333 

8 

500-f 


333 

9 

500 

0 

333 

10 

500 

6 

333 

11 

500 

Atlantic sardines 
1 

250 

Pacific sardines 
with tomato sauce 


2 

333 

1 

333 

3 

250 -h 

2 

333 

4 

250 

O 

tj 

333 

o 

250 

4 

333 

6 

250 -f 

5 

500 

7 

333 

Pacific mackerel 


8 

250 

1 

250 

Tuna 


o 

250 

1 

200 

3 

250 

o 

200 

4 

250 

3 

250 

5 

250 

4 

<100 

Atlantic sardine oil 

^ 333 

5 

250 

Pacific sardine oil ^ 

333 

6 

225 

Tuna oil* 


7 

250 

3 

333-f 

8 

250 

6 

333 

9 

250 

S 

<100 

10 

250 

12 

333-f 

n 

12 

250 -r 

333 



’ Samples arc 

tlic same as in table 1. 

* Oils drained from the 

can contents. 
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Vitamin D. lint a.saays for vitaiiiiii D were carried out 
according- to the U.S.P. nietliod. The ainount.s fed were sueli 
as to permit estimation of the potency with a precision indi- 

-Hn TT -00. 250, 333, 

aOO U.S.P. mats per 100 gm. Closer estimation of the potency 
^\as not considered leasible on account of the exces.sive nnin- 
1 ) 01 - of individual assay levels reriuired. 

DISCUSSIOX 

p analysts report the scientific iianie 
pf ^ 1 being sampled. This leads to some confusion as to 
wliether, for example, a particular species is of Atlantic or 

aei c 0^8^ and renders comparison with literature results 
rather difficult. 

T itamin A. Considerable variation was found in the vita- 
luin ana v ses of the ditlerent .species of canned salmon, 

ihns samples of red, 1 sample of sockeve (red) and 1 of 

Chinook salmon contained 0.045, 0.045, 0.0.05 and 0.070 mg of 
' • '‘‘^•"^PCctively, whereas 3 samjiles of 

nni 7 r coho and 2 of chum salmon ranged from 

.. ; ■' 'dtamin A per 100 gm. iCo comparable 

ana ion in le B \ itamin content of the salmon samples was 
observed. 

Recently A^vapai a et al. (’46) have described a new spec- 
trophotome ric method for the determination of vitamin A. 

It IS possible that this method could be applied to food sam- 
p es V eie v itamin xC is in small concentrations although it 
vvim.unsa is ac oiy for measuring the vitamin in rat livers. 

ince a samp es contained some carotenoid pigment it 
was possible that liigbci- values foi- vitamia A activity 

e'’ o- ^ assay. Devaiiey and Putney 

(35) found 0.2o to 8.0 I.U. per gni of vitamin A in 
le es o se\eial species of canned salmon. This range 
was aji^oximatoly the same as reported in the present 
papei. ® of tbe other species assayed in the pres- 
ent work contained less than 0.008 mg of vitamin A per 100 
gm. Until additional animal assay data are available it will 



VITAMIN' COXTKXT OF CAXXED FISH 


G39 


not be possible to draw linal conclusions as to the value of 
canned fish as sources of vitamin A. 

Thiamine. Guerrant, Yavicb and Fardig (’45) have re- 
ported a survey carried out in a iiumher of different labora- 
tories. The thiamine content of a salmon puree varied be- 
tween 0.0084 and 0.0104 mg per 100 gm when assayed by the 
thiochrome method. Some of the low’er values reported in the 
present survey (table 1) may be due in part to thiaminase 
action in the muscle prior to canning. Thus Melnick et al. 
(’^) have found that herring contains this enzyme as docs 
also California sardines (Lamb, ’46). ^lyrback and Vallin 
(’44) have found that the canning process destroys 30% of 
the original thiamine in canned meat. These factors tend to 
decrease the value of canned fish products as a source of 
thiamine. 

Riboflavin. The I'iboflavin content of the various samples 
Within a given species showed remarkably little variation. Tn 
the Pacific sardines and mackerel the values were somewhat 
higher and can be regarded as comparable to lean beef or 
pork. 

Pantothenic acid. All of the canned fish samples analyzed 
proved to contain approximately the same levels of panto- 
thenic acid as those found in otbei' muscle meats, namely, 
0-25 to 0.83 mg per 100 gm For the fish as compared, for 
example, to 0.45 for pork (Guerrant, Vavich and Fardig, ’45). 

Very recently Lipmann et al. (’47) liav'e reported that 
pantothenic acid may be the coenzyme for an acetylating 
onzyme for choline, sulfanilamide, etc. This discover^' will add 
unpetus to the search for more rjiiantitative data on the distri- 
bution of this factor in foods. 

However, the most serious problem in the estimation of 
pantothenic acid is its liberation from other materials in the 
sample. Incubation of the samples with “rnylase P” was 
previously found to release more of the vitamin than treat- 
inent with other common proteolytic enzymes (fves and 
Strong, ’46); hence this tecliniriue has been applied in the 
present investigation, ft is interesting to note that Lipmann 
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has found an enzyme in liver Avhich togetlier with a phos- 
phatase liberated from the purified acetylating coenzynie GO 
times as much pjantotheuic acid as could be obtained by 
clarase-papaiu digestion. 

Biotin. Ives et al. (’46) found au average of 0.0098 mg of 
biotin per 100 gm in 10 samples of salmon assayed by the 
L. casei method of Shull and Peterson (’43). In the present 
study the Pacific sardines proved to be a somewhat better 
source of biotin than the other species. 

There are several reports in the literature on the biotin 
activity of certain fatty materials such as, for example, oleic 
acid. It is possible that this factor may have been at least 
partially responsible for the fluctuations noted although all 
samples were filtered at a pH of 4.0-4.5 in order to remove 
fatty acids. 

Nicotinic acid. All species can be stated to be a good source 
of nicotinic acid. The values found for the canned tuna samples 
were much higher than those usually reported in the literature 
for beef and ham. 

Pyridoxine. The average pyridoxine value for the 10 
salmon samples assayed by Ives et al. ( ’45) was 0.13 mg per 
100 gm. The distribution of this vitamin in tuna and salmon, 
reported in table 1, is somewhat higher than most literature 
values for meat. 

Folic acid. The assays reported for folic acid shoAV that the 
various fish products are very low in this vitamin. The method 
of Roberts and Snell (’46) using’ iv. casei as the test organism 
did not give more satisfactoi’y results. There is some indi- 
cation that this factor may be destroyed in the cooking of 
meat (Schweigert, Pollard and Elvehjem, ’46), hence it is 
possible that the canning process may also destroy this factor. 

Although the samiDles were treated A\dth a conjugase prepa- 
ration, it may be possible that not all the folic acid Avas actually 
liberated. 

Vitamin D. The rather high levels of vitamin D found for 
the various species is one of the most interesting results of 
the i^resent survey. From the A^alues reported in table 2, it 
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may be seen that these species of fish aie excellent souice^ 
of vitamin D and as such are unique among commonly eaten, 
unfortified foods. In view of the practical importance ot this 
fact, the vitamin D values are given in full in table 2. 

Devaney and Putney (’35) assayed 4 species of canned sal- 
mon and found the vitamin D content to range from 19 U to 
SOO LU. per 100 gm. The average figure taken from the results 
of the above authors is 460 I.U. per 100 gm, about the same 
value as that found in the present work (table 2). ^ 

It may he concluded that, with the exception of folic acid, 
the B vitamin content of the canned fish products assayed m 
the present study compares favorably with that of ot er 
major protein foods such as muscle meats, eggs, and e eese. 
In addition canned fish may be considered an excellent source 
of vitamin D, and should probably be regarded a rather poor 
source of vitamin A. 


STJUAIAET 

A number of samples of caimed fish representing ^ 
ferent species were tested for their content of vitamins A, 

and certain water-soluble vitamins. _ i a -.i 

Ho appreciable amount of vitamin A was found in t e es 
of any of the canned fish assayed except salmon, although 
small amounts were contained in the oils from caMed t an c 
mackerel and sardines. Thiamine and folic acid were gen- 
erally rather low. Eiboflavin, pantothenic acid and biotin were 
present in fair amounts. The samples proved to be a good 
source of nicotinic acid and pyridoxine. AU species examined 
Avere good sources of vitamin D. 
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Patients with the complete syndrome of sprue may exhibit 
bie most remarkable combinations of deficiency states (Thay- 
•sen, ’32; Hanes, ’46; Wintrobe, ’46). Some of the mani- 
festations of these states are loss of weight (caloric defi- 
ciency), hypoproteinemia (protein deficiency), petechiae (vi- 
tamin El or C deficiency) (Fanconi, ’38; Kark, Souter and 
Hayward, ’40; Butt and Snell, ’41), night blindness and 
xerosis conjunctivae (Htamin A deficiency) (Eiddell, ’.33; 
Hao, ’33), hypocalcemic tetany and osteoporosis (vitamin D 
and calcium deficiency) (Scott, ’25; Linder and Harris, ’30; 
Fairley, ’36), and pancytopenia (vitamin M group deficiency)- 

*Thiii work was supported by ^'rants from the National Vitamin Foundation, 
the Xutrition Foundation, Inc., the International Health Division of The Bocke- 
feller Foundation, and Distillation Products, Inc. 

‘The term ^'deficiency'' i.s employerl here in its broad sense. Vfe do not wish 
to imply that the deficiency is neccri.sarily dietary. It is conceivable that some cases 
Hiay be dietary in ori^fin, but it i-^ probable that some constitutional conditionin<y 
factor and/or environmental conditioning? factor exerts a major iniluence upon 
file development of the di.sea.so'-ivmdromc termed spnie. 
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(Darby and Jones, ’45). In many ease.s the.se delicienclcs may 
be classdied (Dann and J)arln', ’45) as latent or potential and, 
lienee, are demonstrable only by biochemical means. 

The view that sjirue is a primary disease was clearly ar- 
g’ued by Thaysen (’32). Ilanes (’43) held that the “ . 

profound disturbance of the power of the intestines to absorb 
in a normal fashion ...” would explain all of the varied 
secondary deficiency manifestations of the .syndrome. The 
association of sprue with dietar}' inade([uacies had often 
been remarked upon (Ashford, ’22; Thaysen, ’32), but Castle 
and associates (’35) clearly hypothesized that “In sprue 
the obvious dietary defects provide ... a rational explanation 
ot the subseciuent defects of the specific functions of the 
alimentary tract demonstrated in patients.” These gastro- 
intestinal defects are at least partially corrected by a sub- 
stance or substances present in liver extract (Castle et ah, ’35; 
Fairley, ’36; INIiller and Ehoads, ’36; Barker and Ehoads, 
’37 ; Miller and Barker, ’37). 

With the demonstration of the activity of pteroylglutamic 
acid (PGA) in patients with sprue, we (Darby and Jones, ’45; 
Darby, Jones and Johnson, ’46a, b ; Darby, Jones, Warden and 
Kaser, ’47) indicated that this vitamin seemed to exert a 
favorable influence upon the gastrointestinal abnormalities as 
well as upon the anemia. Similar observations have been 
made by others (Beguerie and Spies, ’46; Suarez, Spies and 
Suarez, ’47). This paper summarizes additional data which 
may be interpreted to indicate that pteroylglutamic acid exerts 
a favorable influence upon the gastrointestinal tract in sprue. 


EXPERIMENTAL 

The subjects were 6 adult iiatients with spi'ue who have 
been observed in the Vanderbilt University Hospital. All 
of these cases met the diagnostic criteria of glossitis, diarrhea 
with an increased fat content of the stools, loss of weight, 
macrocytic anemia, moderate leucopenia and definite impair- 
ment of gastrointestinal absorption as will be discussed. Some 
of the initial data on 4 of these cases have been previously 
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reported (Darby, Jones and Johnson, ’46a; Jones, Warden 
and Darby, ’47). One patient (J.D.), liowe%*er, has now been 
observed during a second relapse after the withdrawal of 
therapy and through a second remission induced by PGA. 
This makes a total of 7 observed remissions reported herein ; 
each remission is considered independently. The sole specific 
therapeutic agent administered has been synthetic pteroyl- 
glutamic acid ^ in doses of either 5 mg per day orally or 15 mg 
per day intramuscularly, except in 1 ease (Jones, Warden 
and Darby, ’47) in which this was preceded hy 10 days of 
therapy -with pteroyltriglutamate. With 1 exception (J.H.), 
the patients have been hospitalized during the acute stage of 
their disease. The prehospital dietaries of the patients varied 
considerably. They had been generally of poor quality, but 
not uniformly so. During therapy 1 patient (P.B.) received a 
meat-free diet ; the remainder have been maintained on a reg- 
ular ward diet devoid of organ meats. No dietary advice 
whatsoever has been offered the patients upon their return 
home. Other than indicated in figure 2a no other supple- 
mentary vitamins have been administered. 

Glossitis 

During each relapse the patient has complained of a sore 
tongue, particularly sensitive to acid foods, spices and the 
like. All of the patients have shown atrophic lingual papillae. 
Subjective relief of the glossitis has occurred and beginning 
regeneration of the papillae has been evident -within 3 days 
lo_ a week after the institution of therapy. In 6 of the 7 re- 
missions induced by PGA there has been complete restoration 
to normal of the lingmal changes. The other case (J.H.) has 
shown pronounced improvement. These successive lingual 
changes observed in J.D. prior to therapy, following admin- 
istration of PGA, in a relapse after the interdiction of therapy, 

are indebted to Drs. Stanton M. Hardy, Thomas H. Jukes, and E. L. R. 
Stokstad of the Lederle Laboratories for their generous assistance in supplying 
with synthetic pteroyl glutamic acid and the isolated pteroyltriglutamate em- 
ployed in this study. 
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uucl in u hcconcl i'euub>iou induccU by PGA are shown in 
iignre 1. IT, a> !■> ^onietiines lielcl, the appearance of the 
loug'ue in putientb with sprue is an indicator of the state oi 
the gastrointestinal nuicosa generally, these findings would 
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ITig. 1 a. Tongue of j^tatieut J.I). on September 2G, 1945, prior to tlieiap}. 
jS"ote the complete absence of lingual papillae. 

b. Tongue of patient J.D. photographed on October IS, 1945. Therapy 'V'it 
PGA 'was instituted on October 4, 1945. IS'ote the evident regeiicr.ation of 
papillae which impait a velvety appearance to the central area. 

c. Tongue of patient J.D. photographed on July 24, 194G, 275 days after the 
last injection of PGA. The patient was in a clinical relapse. J^’ote the siniilaritv 
in appeal ance to the photograph made on September 26, 1945. 

d. Tongue of patient J.D. photogiaphed on December 4, 1946, at the height of 
the second i emission induced by PGA. Complete regeneration of the luig«a 
papillae is evident. 
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indicate a definitely beneficial effect of tliis vitamin on the 
mucosa. 

Diarrhea 

In all of these remissions cessation of diarrhea has heen 
observed ^vitllin a period of 3 to 9 days from the heginning of 
therapy with PGA. In 1 case (J.H.) periodic recurrence of 
this symptom has taken place, but the frequency of recur- 
rence has decreased. As noted helow, this patient has devel- 
oped niacin deficiency Avhile receiving PGA. 

Weight changes 

The maximum weight gains in pounds have been as tollows : 
26 (J.1).) ; 33 (P.S.) ; 24 (P.B.) ; 29 (W.O.) ; 6 (J.H.). It 
is our impression that these weight changes following therapy 
reflect both the increased appetite and the better absoi’ptive 
capacity of the gastrointestinal tract ■\\dth the consequent con- 
servation of calories and fluid. Several of our patients have 
exhibited evidence of fluid retention during the early pjeriod 
of therapy (Darby, Jones and Johnson, ’46a). 

Glucose tolerance 

It has been possible to detemiine the glucose tolerance 
(oral administration) in 5 of these remissions. In each in- 
stance there has been a definite return toward the nonnal 
type of curve within from 11 to 30 days after institution of 
therapy. These changes are illustrated by figures 2a and 2b. 
Other data on the glucose tolerance were presented elsewhere 
(Darby, Jones and Johnson, ’46a). The dosage of glucose 
employed in these studies lias been lO gm routinely. Con- 
firmatory findings have been reported by Suarez et al. (’4/). 
Crawford (’39) has interpreted the low glucose tolerance 
curves as indicative of defective or delayed absoi-ption of car- 
bohydrate from the intestine. Fairley (’36) regards the 
transition from the flat type of glucose tolerance curve to 
the normal type following therapy with liver e.xtract as 
indicating improvf-d ab->orf>tion ot carbohydrate. By similar 
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CORRELATIVE DATA ON PATIENT WITH SPRUE TREATED DURING TWO PERIODS WITH PGA 



leasouingf, one may hypothesize that PGA favorablj^ influences 
le peimeability of the gastrointestinal tract to glucose. 

Fat soluble factors 

It is essential that the dietaiy intake of fat be properly 
controlled (Black, Pourman and Triiider, ’ 46 ) in order that 
quan i a ive analyses of stool fat be interpreted with ac- 
cuiacy. his control of the fat intake of patients is ex- 
leme y itSciilt, especially after the subject returns home. 
Our observations on the effect of PGA on fecal fat are, there- 
ore, exceedingly limited, but successive determinations on a 

indicate a definite decrease in 
the total M-hour loss of fat in the stool. In chronic sprue, 
howevei, PGA has not reduced the loss of fat in the stool 
beyond that point attained by previous liver extract therapy 
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(Davidson, Girdwood and limes, ’17). Spies et al. (’16) have 
observed that diarrhea was better controlled by PGA in, 
patients whose illness was of recent onset. 


CORRELATIVE DATA ON PATIENT VRTH SPRUE TREATED 
DURING TWO PERIODS V/ITH PGA 



ciyof nnd l -1 

Some data on the absorption of carotene and vitamin A 
have been presented in a previous comnnmieation (Darby, 
Kaser and Jones, ’«)■ Tl>'= l>cniatologie pictures ol sprue 
and pernicions anemia are identical and both diseases respond 
to PG\ It is of interest, therefore, to contrast the initial 
serum carotene levels of a group of patients with sprue with 
a o-roup of patients with pernicious anemia {fig. 3). These 
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CORRELATIVE DATA ON PATIENT V/)TH SPRUE TREATED DURING TWO PERIODS WITH PGA 



Eig. 2a See text for discussion. Riboflavin, 5 mg daily by mouth, was given 
as a placebo from June 2G to July l-if 1946. The course of the relapse was 
unaltered by tliis therapy. 


reasoning, one may hypothesize that PGA favorably influences 
the permeability of the gastrointestinal tract to glucose. 

Fat sohible factors 

It is essential that the dietary intake of fat be properly 
controlled (Black, Ponrman and Trinder, ’46) in order that 
quantitative analyses of stool fat be interpreted with ac- 
curacy. This control of the fat intake of patients is ex- 
tremely difficult, especially after the subject retuims home. 
Our observations on the effect of PGA on fecal fat are, there- 
fore, exceedingly limited, but successive determinations on a 
single patient (figs. 2a and 2b) indicate a definite decrease in 
the total 24-hour loss of fat in the stool. In chronic sprue, 
howevei’, PGA has not reduced the loss of fat in the stool 
heyond that point attained by previous liver extract therapy 
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(Davidson, aitdnood and Inues, ’AT). Spins et al (>«) tave 
ksei-ved that diarrhea rcos better controW by P&A in 
patients whose illness was of recent onset. 


CORBEAATWE DATA OH PATIENT V/ITH SPRUE TREATEO 



Fig. ScQ text for diseu^sioiK 


Carotene and vitamin A 

Some data on the absorption of carotene and rltamis Jl 
bare been presented in a previous eommmucation (Darby, 
Ivaser and Jones, ’47). The hematologic pictures of sprue 
and pernicious anemia are identical and both diseases respond 
to PGA. It is of interest, therefore, to contrast the initial 
serum carotene levels of a group of patients with sprue with 
a group of patients with pernicious anemia (%, 3). These 
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findings are similar to those of Caver and coworkers (’45, ’46). 
Considered together with the norinal-to-high glucose tolerance 
curves (Johnsson, ’22; Hanes, ’46) and the absence of the de- 
ficiency pattern on x-ray examination (Golden, ’41) in per- 
nicious anemia these findings indicate that the presence of the 
gastrointestinal defects is outstanding in sprue, but that 
this is not the case in pernicious anemia. The gastrointestinal 
abnormalities are not, then, secondary to macrocytic anemia. 



Figure 3 

Fig. 3 Plasma tocopherol and serum carotene levels in sprue and pernicious 
anemia. The low initial carotene and tocopherol levels of patients with sj)rue 
are to be contrasted with the initial higher levels of patients with pernicious 
anemia in relapse. Carotene levels are included on 2 patients with sprue who 
were seen in other hospitals but are not reported iji this imper. 

Fig. 4 Plasma prothrombin levels in sprue ajid pernicious anemia. A, 
prothrombin concentration i)rior to therapy; prothrombin concentration after 
therapy with PGA. Note the contrast between the prothrombin concentrations in 
patients with sprue and pernicious anemia in relapse. The increase in prothrombin 
concentrations of the patients with sprue following therapy with PGA is not due 
to administered vitamin K. 

The rise in serum carotene folloAving" therapy Avith PGA 
is illustrated in figure 2b and has been discussed in an earlier 
report (Darby et ah, ’47). This gradual rise may be attri- 
buted to the accumulation of carotene in the serum as the 
patient is better able to absorb the pigment. A sustained 
rise has been observed in 6 of the 7 remissions. The absence 
of a sustained carotene rise in 1 (J.H.) is partly explained 
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by tbe exceedingly lo^v intake of carotene in Ms self-selected 
dietary (calculated to be ISO I.TJ. per day). In passing", tbe 
remarkable similarity of this increase in serum carotene con- 
tent to tbe increased cholesterol levels in cases of sprue treated 
viith liver extract (Fairley, ’30) is to be noted. 

Vitamin A absorption determinations following an oral 
dose of 200,000 1.IJ. of vitamin A have yielded data consistent 
nitb tbe interpretation that there was improved absorption in 
2 of tbe 4 remissions in which repeated estimations were made. 
Two patients have continued to exliibit flat vitamin A toler- 
ance curves despite clinical improvement. These individuals 
are persons with chronic sprue. One (P.B.) is an alcoholic; 
the other (J.H.) developed evidence of niacin deficiency fol- 
lowing therapy with PG-A. 

Vitamin K 

The hypoprothrombinemia wMch can he observed in sprue 
is attributed to a deficiency of vitamin K (ITark, Souter and 
Hayward, ’40). Two of our patients have exMbited hypopro- 
thrombinemia prior to therapy with PGA and tMs hypopro- 
thrombinemia has returned to normal during remissions in- 
duced by PGA (fig. 4). By way of contrast, the prothrombin 
times determined on 3 patients with pernicious anemia in re- 
lapse are included in this figure. Again the absence of a second- 
aiy fat-soluble vitamin deficiency in pernieions anemia is im- 
pressive. 

Vitamin E 

Low plasma tocopherol levels have been reported in patients 
with sprue in relapse (Darby, Clierrington and Euffin, ’de). 
The decieaae in serum tocopherol concentration during a re- 
lapse ot spiue and the increase following therapv with pterovl- 
glutamic acid are depicted in figures 2a aud'2b. The con- 
trast hotAveen the concentrations of fat-soluble vitamin B 
m the patients with sprue and in patients with pernicious 
anonua (fig. 3) is again noted. 
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Correlative data on many of tlie points discussed above are 
presented in figures 2a and 2b, Avliich depict the course of 
Ijatient J.D. during the 2 relapses and 2 remissions induced 
by PGA. These figures illustrate the rapidity with which al- 
terations toward normal may occur in glucose tolerance fol- 
loAving therapy and that this improved function may be main- 
tained during a remission induced by PGA even after admin- 
istration of the vitamin has been terminated. Tliese figures also 



Pig. 0 Gastrointestinal x-ray pattern as revealed 1 hour after a barium meal, 
patient J.H. The film on the left was obtained prior to institution of therapy, 
the one on the right 2 months after the beginning of treatment with 5 mg PGA 
daily, ^ote the less abnormal appearance of the intestines upon the second 
examination. 


indicate a reciprocal relationship between the carotene level 
in the serum and the amount of fat lost in the stool. The very 
close time association between the hematologic and gastro- 
intestinal changes observed during remission and relapse is 
consistent with the hypothesis that these are 2 jnanifesta- 
tions of a deficiency ‘ disease. 

IL-ray changes in the gastrointestinal tract 

X-ray changes of the so-called deficiency pattern type aye 
present in sprue (Mackie et ah, ’35; Golden, ’41). Beguerie 
and Spies ( ’46) have reported that these return toward noi’- 

* See footnote 2 page G45. 
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mal following the administration of PG-A. "We have obtained 
foUow-np films on patients in 4 remissions indneed by PGA. 
In 3 of these definite improvement in the pattern has oc- 
curred following therapy with PGA (fig. 5). Less pronounced 
improvement has been observed in the fourth. In none of oui‘ 
cases have the x-ray patterns returned completely to normal 
despite the otherwise excellent response to treatment. Other 
types of specific therapy likewise fail to restore the intestinal 
pattern completely to normal in cases of sprue (Mackie, Mil- 
ler and Rhoads, ’35; Golden, ’41). 

DISCUSSIOX 

Our observations may be interpreted as indicating that the 
primary defect in sprue is a deficiency state ® manifested by 
glossitis, macrocytic anemia and pancytopenia, and impaired 
gastroiatestinal function. This primaiy deficiency is corrected 
by pteroylglutamic acid. The simultaneous correction of sev- 
eral secondaiy deficiencies is also indicated by the data pre- 
sented in this report. The numerous interrelationships of 
pteroylglutamic acid with other vitamins and food factors are a 
most remarkable clinical example of the interrelationship of 
foodstuffs in man. The close similarities to the multiple de- 
ficiency states (Daft and Sebrell, ’45) in the sulfa-treated rat 
are obvious. 

Our data lead ns to suggest that PGA will probably produce 
effects similar to those of liver extract on the serum choles- 
terol (Fairley, ’30), on serum calcium (Fairley, ’36), on the 
sodium deficiency in sprue (Black, ’46), and on other sec- 
ondary deficiencies which occur in the disease. 

!Many cases of sprue undoubtedly develop irreversible 
changes in the gastrointestinal tract (Golden, ’41; Hanes, 
42) . In 1 instance, Golden ( ’41) has demonstrated degenera- 
tive changes in the intrinsic nerve plexuses which supply the 
intestinal wall. McCarrison (’21) observed similar changes 
m monkeys which apparently had vitamin M deficiency (Day, 
) . The vitamin hi deficient monkey may he regarded as the 

* See footnote 2 on page 64o. 
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experimental analogue of sprue (Darby and Jones, ’45; 
Darby et ab, ’4Gb; Jones et al., ’47). It is iinjirobable that 
completely degenerated nerve plexuses can be restored. Tliere- 
fore, the persistence of some degree of malfuiietion despite 
therapy may be expected, particularly in disease of long 
standing. The failure of liver extract tlierapj’’ to correct 
in foto the various disturbances of gastrointestinal absorp- 
tion may be thus explained. If the above liypothesis holds, 
complete restoration of normal function of the gastrointestinal 
tract may never occur. The relationship of tlie anatomical lind- 
iugs to the functional defects in ahsorjition is not -clear. 
Further studies are planned in an effort to define the relative 
roles of the degenerative changes in the plexuses and the 
possible alterations in mucosal iiermeability in vitamin 31 
deficiency. 

It should be emphasized again that any disease which re- 
sults in malabsorption from the gastrointestinal tract may 
resemble the sprue syndrome (Hanes, ’4()). Although tlie clin- 
ical pictures are indistingaiishable, it is to be expected that 
PGrA will be ineffective in the treatment of any disease which 
does not result from a deficiency “ of this vitamin. There- 
fore, the availability of this chemically well-defined factor 
may enable clinicians to separate the different disease entities 
which are now grouped together loosely as the sprue syndrome 
or idiopathic steatorrhea. The rejjorted inefficac}’’ of PGA 
in certain cases of celiac disease (Davidson et ah, ’47) may 
indicate that this disease in children is on a different etiologic 
basis than is sprue in the adult. In this connection it is well 
to recall the similarity of the gastrointestinal x-ray pattern 
in celiac disease in children and sprue in adults to that of the 
very young normal infant (Golden, ’41). 

In the discussion of these findings we liave adopted the 
convention of interpreting all of these data in terms o± 
changes in gastrointestinal absorption. A cx’itical appraisal of 
the evidence in the literature upon whicli this practice is 
based makes it seem likely that it is at least partially correct. 

See footnote 2 on pnge 645. 
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However, otlier interpretations are p>ossible; for example, 
the observed . changes in glucose tolerance and vitamin A 
tolerance cordd be explained on the basis of altered bej)atic 
function or a combmation of altered intestinal absorption and 
hepatic storage or release as has been observed for vitamin A 
in rats (McCoord et al., AT) and for vitamin A and carotene 
in the human with infective hepatitis (Harris and Moore, ’47). 
Furthermore, it is well established that rats treated with 
sulfonamides manifest several vitamin deficiencies. The usual 
interpretation of these findings is that the sulfonamide inhibits 
the SATithesis of the vitamins by the flora of the gastrointes- 
tinal tract. In the sulfa-treated rat there occurs a decrease 
in the coliform organisms in the gastrointestinal tract. These 
organisms are able to synthesize a number of vitamins (Daft 
and Sebreh, ’45). In unpublished observations made in col- 
laboration with Dr. John Buddingh, we have observed that 
the fecal flora of our patients with sprue is characterized by 
a decreased number of coliform organisms and an increased 
nmnber of slow and non-lactose fermenting organisms. Dur- 
ing therapy with PDA a normal flora seems to have been 
reestablished. It will require many careful studies over long 
periods of time to define the relative roles of altered gastro- 
intestinal absorption, metabolism and gastrointestinal syn- 
thesis in the pathogenesis of the manifold deficiencies ob- 
served in sprue. 

SUXIMAET 

Observations on 6 patients vdth sprue during 7 remissions 
following therapy with PGA have been summarized. Each 
remission has been characterized by relief of the glossitis, 
regeneration of the lingual papillae (fig. 1), cessation of the 
diarrhea, and gain in weight, as well as hematologic improve- 
ment (figs. 2a and 2b). In 5 instances a return toward the 
normal glucose tolerance following therapy was demonstrated. 
A gradual increase in the serum carotene concentration was 
observed in 6 of the remissions and improved vitamin A ab- 
sorption and increased prothx'ombin concentration (fio" J) 
demonstrated in 2 instances each. Increased concentrations of 
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plasma tocopherol have been observed iu 2 cases, and a de- 
creased loss of fat in the stool has occurred in the 1 patient 
who was studied repeatedly (ligs. 2a and 2b), 

These iindings are compatible with an interpretation that 
PGA exerts a favorable influence on the primary gastroin- 
testinal disorder in sprue and thereby permits the correction 
of many secondary deficiencies which occur. Other possible 
interpretations are indicated. 

Chronic sprue responds less completely to PGA than does 
the moi’e acute disease. 

As further evidence for the effectiveness of PGA in sprue, 
2 patients have relapsed when therapy with PGA was with- 
held. All of the manifestations of the disease reappeared 
(figs. 2a and 2b). 

Sprue and pernicious anemia differ in that gastrointestinal 
defects are pronounced in sprue. 
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The increasing capacity of the daii-y eoiv for milk produc- 
tion lias suggested to many investigators the possible need 
of supplying mineral elements to the coiy in quantities greater 
than that provided by honie-gxoini feeds. Numerous studies 
have resulted in the drawing of variable conclusions in regard 
to an adequate calcium and phosphorus supply for lactating 
cows. Generally the requirements are thought to he ap- 
proximately 10 gin each daily, of calcium and phosphorus for 
a 1000-ponnd milking cow and an additional allowance of O.D 
gm calcium and 0.7 gm phosphorus per pound of milk produced 
as proposed by Huffman ( ’31). 

Ahunerous balance trials have demonstrated the occurrence 
of negative calcium and, somewhat less frequently and for 
shorter periods of time, negative phosphorus balances duiino- 
the early portion or peak of lactation. Ellenberger and asso- 
ciates (’31 and ’32) and Huffman et al. (’SOa) studying eal- 

'P.iper of He Journal Scries, Xew Jersey Affricuhural Experiment Station 
Burgers University, Bepartment of Dairy Industry. This research was supported 
by an appropriation from the Limestone Products Corporation of America Xpu- 
ton. New Jer^ev, ^ 


^ " The authors are iudebted to Br. S, B. Handle and 
State Chemical Laboratory for a portion of the analv^is. 
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c-iiini and phosphorus metabolism during the gestation, lacta- 
tion and dry periods found negative balances during peak 
production followed by a replenishing of the stores of these 
elements during tlie drying-oJl' and dry periods. This has been 
considered to be a normal cycle during which tlie importance 
of the dry period was emphasized (Bohstedt, ’42 and Hart 
et ah, ’31). 

A series of extensive investigations made by Hart and as- 
sociates to determine some of the dietaiy factors in/Jueneing 
the assimilation of calcium in cows and/or goats dealt with 
calcium (’23 and ’27a), phosphorus (’23), cod liver oil (’27b 
and ’29a) and irradiated yeast (’30) supplementation; the 
feeding of green grasses (’23a, ’27a and ’31), sun-cured 
(’29b, and Steenboek et ah, ’25) and weathered hays ( ’25) ; the 
feeding of glucose (’31) and hydrochloric acid (’31) and the 
exposure of animals to direct sunlight (’2C and ’27a) and 
other ultraviolet light radiations (’24, '26 and ’27c). These 
workers concluded from their experiments that there are 
factors other than vitamin I) operating in the absorption of 
calcium from the intestinal tract of the cow. 

There are no reports found in the literature which would 
indicate that manganese, iodine, coppei', cobalt, iron or zinc 
influences the assimilation of calcium in lactating cows. Palmer 
et ah (’28), however, demonstrated that a high magnesium 
ration decreased the assimilation of calcium and phosphorus 
in cows. The effect was most marked when the phosphorus 
content of the ration was low. More recently, Huffman and co- 
workers (’30b) showed that the inclusion of 3 to 5% of mag- 
nesium salts in the rations of calves maintained on a low 
calcium ration either had no effect at all or slightly improved 
the retention of calcium and phosphorus. These investigators 
(Huffman and Duncan, ’35) later demonstrated that mag- 
nesium improves calcium and phosphorus metabolism and 
bone calcification in daiiy calves and described this function 
as a vitamin D-sparing effect. 

The ingestion of beryllium salts was shown to lead to a type 
of rickets caused by the formation of insoluble beryllium phos- 
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pliate in tlie intestinal tract (Kay and Byi'om, ’27). Appar- 
ently other metallic salts snch as aluminum, thallium, barium, 
strontium and magnesium act similarly (Schmidt and Green- 
berg, ’35). 

Perosis, a disease indicated by slipped tendons in chickens, 
Avas proven by Wilgus and associates (’36) to be caused by 
a deficiency of manganese. Other investigations, dealing with 
the role of manganese in calcium and phosphorus metabolism, 
demonstrated a favorable influence of this element on the 
development of bone in rats (Amdur et al., '45, and Wachtel 
et ah, ’43), pigs (Miller et ah, ’40) and rabbits (Smith et ah, 
’44). 

In a study conducted by Chornock et al. ( ’42) using rats, an 
increased calcium and phosphorus excretion resulting in neg- 
ative balances was effected by increasing the manganese 
intakes. 

Reports in the literature on the effects of various mineral 
elements upon the metabolism of calcium and phosphoims in 
dairy cattle are limited except in the case of magnesium. 

This experiment was initiated to study the effects of sup- 
plemental calcium and manganese and other mineral element 
supplementation upon the metabolism of calcium and phos- 
phorus in dairy cows during the early portion of lactation. 


EXPEEIMENTAL 

During this investigation the metabolism of calcium and 
phosphorus rvas studied by the balance trial method. Three 
weekly balance trials were conducted at regular intervals 
with each of 8 Holstein and 4 Guernsey cows during the first 
5 months of lactation. 

The 12 cows comprised 3 collection and 4 feed groups. 
The collection groups, composed of 4 animals frouT which 
excreta Avas collected while on trial simultaneously, Avere se- 
lected as nearly uniformly as possible relative to ’size a^e 
breed and stap of lactation. The feed groups receive’d the 
follopng gram mixtures continuously during the o-month 
feeding trial: gi-oup I, basal gi-ain mixture (consistino' of 
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ground corn, 30 parts; rolled oats, 30 parts; linseed meal, 
28 parts ; wheat bran, 11 parts and plain salt, 1 part) ; group 
II, basal grain mixture plus the addition of 3 pounds of CaCO;j 
(c.p.) per 100 pounds of the basal grain ration, group III, basal 
grain mixture plus the addition of 3 pounds of a mixture of 
CaCOs (c.p.) and MnSO, (c.p.) (proportions of calcium and 
manganese same as in llico per 100 pounds of basal grain 
mixture; group IV, basal grain mixture plus the addition of 
3 pounds of Mico ^ per 100 pounds of basal grain mixture. 
Vitamin T> supplements were not given to any of the groups. 

The general feeding plan provided 1 pound of timothy-clover 
hay with 3.5 pounds of corn silage per 100 pounds of body- 
weight daily and grain in sufficient quantity to satisfy the ^Mor- 
rison feeding standards (’39) plus 10%. 

The feces and urine were collected separately by attendants. 
Weekly composites of daily aliquots of silage, hay, water, 
miUv, feces and urine were analyzed for calcium and phos- 
phorus according to the official methods of the A.O.A.C. (’40). 

The chemical methods used to determine the levels of 
certain blood and plasma constituents at intervals during the 
feeding trial are as follows : hemoglobin, Sanford, Sheard and 
Osterberg (’33); total plasma proteins, Looney and Walsh 
(’39); calcium, Clark and Oollip (’25) and inorganic pho.s- 
phorus, Fiske and Subbarow (’25). The red blood cell count 
and volume (hematocrit) were determined on the same blood 
samples according to the standard procedures. 

The “percentage used” of calcium and of phosphorus was 
determined by dividing the algebraical sum of the balance 
and the quantity of the element in the milk by the quantity of 
the element taken in by the animal. 

RESULTS AND DISCUSSION 
Henltli and milk production 

No differences were found in the general health of the ani- 
mals of the 4 feed groups. It is not known, however, what 

’Mico iias the following percentage composition: calcium 33; magnesium 2; 
manganese 0.20; iron 0.20; iodine 0.045; copper 0.025; zinc 0.01 and cobalt 0.002. 
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would be tbe effects of the different supplements used ov tbe 
lack of them over an entire lactation period or over* tbe life- 
tnue of an animal. 

During the relatively short period of experimentation, no 
definite effects on the production of the cows were found as 
a result of calcium supplementation alone or of calcium plus 
trace elements supplementation; the control animals (group 
I) seemed to maintain their levels of production equally as 
well as the groups receiving the various supplements. The 
high milk production of group I as compared to the other 
groups is largely the reflection of the high production of cow 
391 which possessed an inherently greater capacity for pro- 
duction than the other animals. 

Blood picture 

Although the hemoglobin levels, red blood cell counts and 
volumes of the blood of the animals of the 4 gi’oups were not 
greatly different, these values were somewhat higher for 
groups II, in and IV than for group I (table 1). 

Table 1 also shows no apparent group difference in the 
average levels of plasma calcium and phosphorus or in the 
levels of plasma proteins. 

Calcium metaholisni 

Tables 2-5 show the average daily milk production, number 
of days in milk, and the intake, outgo, balance and percentages 
of calcium and phosphorus used for all animals of groups I, 
II, in and rv, respectively. It will be noted that each animal 
appeared on trial 3 times and that tbe metabolism period 
date indicates the sequence in Avbieb tbe trials were conducted. 
A general sumniaiy of group average calcium and phosphorus 
metabolism data and individual animal histories are given in 
tables 6 and 7, respectively. ^ 

Tables 2-5 show that during tbe 9 trials run on each oroup 
the following number of negative ealeinm balances were en- 
countered in decreasing order of oceurreuoe: group m, 9; 



table 1 

Average Wood picture of cows on different rations during feeding period (mean ±. standard deviation). 
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group I, 8; group II, 5 and group IV, 2. Siiiee the stage of 
lactation was similar for the animals of each group, table 6 
embodying average figures (representing 9 balance trials) is 
presented by groups for comparison purposes. These data 
show that the percentages of calcium used by the 4 groups in 
decreasing order were: group I, 37.35 9.76; group W, 

22.56 ± 8.63 ; group II, 17.65 ± 8.14 and group III, 6.71 in 4.57. 
The control group cows receiving a low calcium ration utilized 
more of this element than the other groups, which substan- 
tiates the early work on this problem (Huffman et ah, ’30a). 

It will be noted in table 6 that group III receiving the basal 
ration supplemented with CaCO., and MnS 04 and milking 
an average of 91 .9 ± 36.2 showed an average daily cal- 
cium balance of — 8.38 ±: 4.16 gui and 6.71 ±; 4.57 % used as 
compared to 2.61 ±: 7.23 gm and 17.65 zb 8.14%, respectively, 
for group n receiving the basal ration supplemented with 
CaCOa and milking an average of 93.3 zfc 36.0 days. (When 
the data for animal 552 dui’ing metabolism period 1/16-22/45, 
which are not of comparable magnitude with the other data of 
group n, are eliminated, the balance and percentage of cal- 
cium used by this group are 0.69 zb 4.69 and 15.69 zb 6.02%, 
respectively). The average daily calcium intake for the cows 
of groups HI and II was 97.17 zb 18.58 and 99.23 zb 14.05 gm, 
respectively. Since the average daily milk production was 


14.23 zb 2.39 kg and 14.28 zb 3.67 kg for groups HI and H, 
respectively, the theoretical demand for calcium was similar 
for both groups, other than the requirements for maintenance 
(cow 569 was the only pregmant cow in groups II or IH and 


was carrying a month-old fetus during her last trial period. 
The apparent depression of the metabolism of calcium in the 
animals of group HI was attributed to the MnSO^ ingested 
It seems unlikely that the greatly reduced utdization of cal* 
cium can be explained by reference to the phosphatase en- 
zjnne system, as the primary effects of anv acceleration of 
phosphatase activity by manganese as reported bv Wiese et el 
(-38) sliouM be roaeoted in the metabolism of pbosphonis' 
Altliongb gi-onp III «s siigbtlr lumber than group n 
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Salter (’40) stated that an increased thyrotropic activity 
of the pituitary was found during pregnancy and lactation. 
This may be associated with the negative calcium balances 
reported for cows during early lactation. Goormaghtigh and 
Handovslcy (’35) and Nitschke (’33) attributed a thyrotropic 
action to vitamin D when administered in small doses and a 
depression of thyroid activity Avhen large doses were given; 
this effect Avas thought to concern the metabolism of iodine. 
Campbell ( ’42) offered data supporting the belief that vitamin 
D tends to spare the parathyroid gland. 

Although literature concerning the relationship betAveeu 
the sex glands, the anterior pituitary and mineral metabolism 
in the bovine is limited, Biddle and Dotti (’45) shoAved that 
the follicular hormone increases the serum calcium concenti’a- 
tion of castrated animals of other species. These Avorkers also 
shoAved that gonadotropins increase the plasma calcium level 
only in birds AAdiose ovai-ies are sufficiently matured to pi’o- 
duce estrogen, but are ineffective in males and ovariectomized 
foAvl. This study did not determine Avhether the follicular or 
the luteinizing gonadotropin is chiefly concerned. Biddle and 
Dotti (’45) further demonstrated that estrogenic hormones 
(estrone, estradiol, estriol and diethylstilbestrol) have a 
specific ability to increase the bound calcium fraction in the 
plasma of doves, pigeons, and other foAvl of both sexes. The 
latter investigation shoAved that these hormones are equally 
effective in normal, hypophysectomized, castrated, thyroid- 
ectomized and adrenalectomized pigeons. The androgens, 
hoAvever, did not affect the plasma calcium Avhatsoever. 
Progesterone shoAved only slight ability to increase the plasma 
calcium level. 

The literature seems to indicate that various sex and other 
hormones may have a greater role in calcium metabolism, 
especially during early lactation, than Avas previously sup- 
posed, and that some of the mineral elements may indii’eetly 
affect the metabolism of calcium through some of the enzyme 
or endocrine systems. 
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Phosphorus metahoUsm 

The data shown in tables 2-5 for the metabolism of phos- 
phorus indicate that the balance and ntilization of phosphorus 
were similar for all groups regardless of the supplement fed. 
However, groups III and IV which received supplemental 
manganese in addition to calcium showed slightly higher 
phosphorus balances than gnoup I or II not receiving supple- 
mentary manganese, although only negligible differences 
existed in the percentages of phosphorus utilized. The num- 
ber of negative phosphorus balances in order of iircreasing 
frequency were: group W, 1; gi-oup HI, 3; group 11, 4 and 
group I, 6. 


smixL-LBr 

A study was made of the effects of calcium and manganese 
and other mineral element supplementation upon the metab- 
olism of calcium and phosphorus during the first 5 months of 
lactation of 8 Holstein and 4 Gruenisey cows. 

Calcium equilibrium was maintained most frequentlv in 
the group of cows receiving Mico ^ as the supplement to a 
basal I'ation of grain, com silage and timothy-clovez- hav 
and seemed to he attributable to the additional intakes of 
iodine, magnesium, copper, cobalt, zinc and iron supplied bv 
this product. 

Supplementation of the same basal ration with IlnSO in 
addition to CaCO;* resulted in negative calcium balances in 
every ease, whereas several positive balances occurred and 
higher percentages of calcium were used when the basal 
ration was supplemented ^vith CaCO., alone. The marked de 
pression of calcium metabolism appeared to be effected hv 
MnSOj supplementation. ^ 

Pbospbonis metabolism ,vas not appreciably affected bv tie 
supplements used in this experiment. * 

* St*e footnote on p, 0G4. 
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It has long been recognized that the ingestion of inadequate 
quantities of a complete diet (chronic partial inanition) re- 
sults in a cessation of bone growth. Recently, it was observed 
that the bones of young rats, on diets containing large quan- 
tities of lactose or galactose, failed to grow in length or width 
(Handler, ’47). These animals ingested adequate quantities 
of a high calcium and iihosphorus diet and, in fact, absorbed 
unusually large amounts of calcium from the intestinal con- 
tents because of the presence of the lactose (or galactose). 
However, these rats also failed to increase in weight because 
of a defective carbohydrate metabolism, suggesting that 
growth and calcification of the skeleton, like growth of soft 
tissues, are also dependent upon an adequate caloric supply 
and metabolism. The present paper describes the effects of 
simple caloric restriction with an othenvise adequate dietaiy 
I'egiinen, on skeletal calcification and groivth. 

EAPEEIIAEXTAL 

The animals used were male rats of the Vanderbilt strain 
(Volfe^ Bryan and Wright, ’38). The composition of the 
diets employed is given in table 1. It was arbitrarily decided 
to adopt, as the ma.ximal limit of caloric restriction, approxi- 
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mutely 50% of the ad libitum intake of normal controls of 
the same age and weight. By doubling the concentration of 
all dietary components save the sucrose of diet A, and then 
permitting the animals on diet B to eat only half as much as 
those on diet A, an intake of all essential nutrients (vitamins, 
minerals, proteins) equal to those of the ad libitum controls 
on diet A was assured. This procedure resulted in a caloric 
restriction of about 50% since diets A and B were virtually 
equicaloric. Diet C, when restricted to an intake equal to 
50% of that of the controls on diet A, also resulted in a 50% 


TABLE 1 

Perccntafjc composition of diets. 



A 

u 

c 

0 

Caseiii 

25 

50 

25 

40 

Sucrose 

67 

34 

59 

48 

Cod liver oil 

4 

8 

8 

G 

Salt mixture ^ 

4 

8 

8 

6 


III addition, each kilo of diet A contained thiamine chloride 4 mg, ribollavin 
5 mg, pyridoxine 4 mg, calcium pantothenate 30 mg, nicotinic acid 10 rag, a-toco- 
pherol 20 mg, naphthohydroquinone acetate 5 mg, p-aniinoheuzoic acid 50 mg, 
inositol 100 mg, choline chloride 250 mg. Each of tlicsc was doubled in diets B 
and C and increased 50% in diet B. 

"Hubbell et al. (^37). 

caloric restriction but the protein intake was also 50% of 
that of the controls. Diet D was so arranged that rats ingest- 
ing 75% as much food as ad libitum controls on diet A would 
receive identical supplies of all essential nutrients but only 
75% of the caloric intake The adequacy of intestinal absorp- 
tion of diets B, C and D under such circumstances remains an 
uncontrolled problem but there is no definite reason to sus- 
pect that it was faulty. The salt mixture used in these studies 
was one which provides rather more calcium and phosphorus 
than most salt mixtures used for such studies (Hubbell, Wake- 
man and Mendel, ’37) and contains 21.5% calcium and 5% 
phosphorus. The dietary supply of these minerals, like that 
of the other essential nutrients was therefore adequately 
insured. 
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data presented m “ arrauite typical of all the series. 

were studik. Their size is indicated in the 
weeks on the various diets, the animals were 
table. A nembutal a-iven intraperitoneally, heparin 

anesthetoed Arth uemhuW giv P 

VX tto procedure it is quite simple to 

oXn 6 S of Wood from a 150-gm tat. Plasma oMamed m 
obtain determinations of calcium, 

XsXX atoliue phosphatase and total proteius, These 

data are presented in table 2. 

table 3 

The effects of caloric restriction. 


2,'trMBEB IKITIAI* 

r.BOUP C>r U'EIOHT 


VTEIGHT 

CSAKGE 


rOOG 

INTAKE 


PLASilA PUtSiEA 
CA P 


PLASKA Pl*-\SirA 
PH03- PRO- 
PHATASE TEIKS 




KATS 



pm 

am 

pm/dap 

mp Tc 

mp 


pm 



A 

52 

4-168 

9.6 

9.1 

7.3 

15.2 

7.2 

1 

8 

Q 

D 

53 

4-0 * 

T.O 

9.0 

6.4' 

22.6 

7.0 

2 

O 

Q 

B 

50 


5.0 

8.7 

6.1 

28.4 

6.6 

3 

O 

Q 

G 

53 

5.0 

8.8 

6.2 

2o.l 

6.0 

4 

O 

s 

A 

255 

-1-82 

16.3 

9.2 

6.8 

12-4 

7.4 

5 

c 

B 

251 

—96 

9.0 

8.8 

7.4 

23.2 

5.6 

G 

7* 

8" 

o 

6 

6 

A 

B 

237 

241 

4-4S 

—116 

13.4 

s.o 

7.3 

7.2 

7.8 

8.5 

9,0 

21.5 

6.S 

5.7 


‘BoaansKy uiuvb. 

- Parathyroidectomi 2 ed. 


All animals "were pbotographed by x-ray at tlie start of the 
experiment and again at its tei-mination. Shown in fi^re 1 
is a typical member of each group. From these plates it can 
be seen that the young rats, on a 50% caloi’ic intake, not only 
failed in their generalized growth but also showed a complete 
cessation of skeletal growth as well. Considering also the 
fate of animals on the intermediate level of caloric intake, it 
appears that in young rats skeletal growth is roughly pro- 
portional to general body growth. The Umitecl protein intake 
of group 4 did not affect this situation. 
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I^^ contrast, considering the plates of the rats in groups 
5 and 6, it appeared that hi the larger rats, Avho Avcrc almost 
fully grown, a caloric restriction suflicient to produce a weight 
loss of 100 gin in 10 weeks (40% of their initial body weight) 
resulted in only slight interference with skeletal development. 

Despite the impairment of lengthwise and transverse 
growth of the skeleton of caloric restricted young animals, no 
unusual changes were observed in the plasma calcium con- 
centration in such animals. There did appear to he a definite 
tendency toward lowering of the serum inorganic phosphate 
concentration although this was not as marked as that seen in 
rickets and was not encountered in the larger animals. In 
contrast, in all series calorie restriction elicited a marked 
increase in the serum alkaline phosphatase activity. 

Since identical increases in plasma phosphatase activity 
had been obtained in earlier series, it was then thought 
of interest to observe the effects of caloric restriction in para- 
thyroideetomized rats. Because of the difficulties inherent in 
parathyroid ablation in rats, total thyroparathyroidectomies 
were perfoi'ined under ether anesthesia. After a few days 
on a stock diet the rats were transferred to diets A and B 
to which 0.1% desiccated thyroid powder had been added. 
They are included in table 2 as groups 7 and 8. The animals 
on diet A did not grow quite as rapidly as did normal eon- 


IHgs. 1, 2 aiitl S X-Tuy photographs of 1 typical member of each of the groups 
described in table 2. The photographs in the A scries were taken on the first 
experimental day while tliose of the B series represent tlie same rats 10 weeks 
later. The photographs were taken under standardized conditions and developed 
and printed under identical conditions so that the figures reflect real differences 
in bone density. 

1 Young rat, fed ad Uhitum, 

2. Young rat, caloric intake of that of group 1. 

3. Young rat, caloric intake 4 of that of group 1. 

4. Young rat, caloric intake and protein intake } of that of group 1. 

5. Large rat, fed ad Vibiium. 

6. Large rat, caloric restricted. 

7. Parathyroideetoinized large rat, fed ad Uhitum. 

8. Parathyroidectomized large rat, caloric restricted. 
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Figure 1 
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Figuio 3 
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trols of this size while tlie animals on diet B lost somewhat 
more weight than did the nnoperated animals in group 6. In 
all other respects, however, they resembled the unoperated 
animals. Like the rats in groui^ 6 (caloric restricted large 
rats) the skeletons of the rats in group S continued to grow 
while the animals lost weight. As was to he expected they 
presented lower lolasma calcium concentrations and higher 
phosphate concentrations than their controls. Of particular 
interest was the fact that in these parathyroidectomized, 
caloric restricted animals, also, there occurred a dramatic 
i-ise in serum alkaline phosphatase activity. 

Kepresentative femurs from rats in each group were hxed 
in fonnalin, and sections prepared for histological examina- 
tion. In the younger animals there was found definite altera- 
tion in hone formation. There were fewer trabeculae; those 
that were present were stumpier than normal and the cartilage 
plate at the epiphyses was not growing actively. In addi- 
tion, the cortices appeared thinner than in the control animals. 
There was no excess osteoid. In the older animals similar 
differences were observed but in lesser degree. All these 
changes are non-si^ecific and resemble what is encountered in 
inanition which has been produced by various means. In 
summary, these changes are those which are usuallj^ observed 
in poorly growing or athreptie animals. 


Fig. 4 X-ray photographs of the right, hind legs of typical members of each 
of the groups in table 2. The legs ^verc dissected free and then pliotographed 

simultaneously on 1 plate. The numbers shown correspond to tlie group numbers 

of table 2, but the animals chosen are, in each case, different from those shown 
ill figures 1-3. 

» 

1. Young rat, fed ad libitum* 

2. Young rat, calorie intake ^ of that of group 1. 

3. Young rat^ caloric intake } of that of group 1. 

4. Young rat, caloric intake and protein intake 4 of that of group 1. 

o. Large rat, fed ad Ubiitim, 

6. Large rat, caloric restricted. 

7. Parathyroidectomized large rat, fed ad lihtUim. 

8. Parathyroidectomized large rat, caloric restricted. 
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DISCUSSION 

From the data presented herein it seems quite clear that 
caloric restriction results in impairment of skeletal growth 
and that this phenomenon is more marked in young I’ats 
than in those whose growth is almost complete. Since growth 
and remodeling of bone are functions of age, this observation 
is not unexpected. ^Moreover, since skeletal growth, like that 
of any other tissue, is dependent upon a celhdar mechanism 
which requires an active cai’bohydrate metabolism (Gutman, 
Warrick and Gutman, ’42) a disturbance in osteogenesis is 
not surprising. In a sense, these experiments serve as a 
control for comparison with the numerous previous studies 
of the effects of partial or complete inanition and indicate that 
the possibility of inadequate caloric supply must be con- 
sidered whenever bone growth is being studied, independent of 
the supply of those nutrients which have a specific effect on 
bone formation such as ascorbic acid, vitamins A and D, 
calcium and phosphorus. These experiments certainly indi- 
cate a need for pair-fed controls whenever studios are made 
of osteogenesis in nutritionally deficient animals. It may be 
]Dresumed that the classical picture of bone in inanition is more 
lilcely to be the result of an inadequate caloric supply than of 
any other single dietary factor. It would be of interest to 
determine whether this iricture might be modified by the ac- 
tion of estrogens, which decelerate the normal destruction of 
bony trabeculae just beneath the cartilage shaft junction (Day 
and Follis, ’41), or androgens, since both of these can induce 
positive calcium balance, particularly in osteoporotics (Reif- 
enstein and Albright, ’47). 

At present it is not possible to interpret the results of the 
blood chemical findings in these animals in a definitive fashion. 
The plasma of all young, caloric restricted animals was found 
to have an essentially normal calcium concentration but di- 
minished inorganic phosphate concentration and markedly 
elevated alkaline phosphatase activity. The plasma inorganic 
phosphate concentration of caloric restricted animals of the 
older age group was not essentially different from that of 
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their controls. This mar be correlated with the fact that - 
skeletal growth proceeded at the nomial slow rate in these 
animals. However, they too presented elevated plasma alka- 
line phosphatase activity. It would seem then that this rise 
in phosphatase activity may not have been a reflection of 
metabolic events in the skeleton, but, rather, was the result 
of an altered hepatic metabolism under these circumstances. 

Investigators of the effect of total starvation on serum 
alkaline phosphatase activity (Bodansky and Jaffe, ’31; IVeil 
and Bussell, ’40) have consistently encountered a fall of about 
50% from noimal values. However, these studies were, pei'- 
foree, of brief duration and Wachstein (’45) has found that 
the alkaline phosphatase activity of the livers of rats and mice 
dying of starvation, determined histologically, is decidedly 
elevated. Since Oppenheimer and Flock ( ’47) have found that 
the increased hepatic alkaline phosphatase activity during the 
regenei’ative period following partial hepatectomy in the rat 
is accompanied by an increased plasma phosphatase activity 
it would seem that such phosphatase can escape from the 
liver to accumulate in the circulation. This possibility seems 
all the more likely when one considers that there is no other 
evidence of failure of biliary concentration in partially hepat- 
ectomized rats and the alkaline phosphatase activity of both 
normal and regenerating liver is largely bound to the chro- 
matin structure in the nucleus or mitotic figures. Moreover, 
although no evidence is available which demonstrates a direct 
control by the parathyroid of bone or serum alkaline phos- 
phatase, it does seem strange that parathyi’oideetomy shoidd 
not have affected the level of plasma phosphatase activity in 
caloric restricted rats if the phosphatase were arising in' the 
metabolically deranged bone. Considering these facts, it is 
felt by the authors that while the low plasma phosphate and 
high alkaline phosphatase concentrations in young caloric 
restricted rats are accompanied by osteogenetic disturbances, 
they are probably the consequence of an altered hepatic car- 
bohydrate metabolism rather than of metabolic events in the 
skeleton. 
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SU.^r^[AI^Y 

In young rats tlie rate of skeletal growth was rouglily 
proportional to the rate of general body growth when caloric 
restriction was the limiting growth factor. Kestriction of 
caloric intake to about one-half of that of ad libitum fed 
control animals, while ensuring an adequate supply of all other 
nutrients, resulted in a complete cessation of both skeletal and 
generalized body growth. Histologically the hones of such 
animals were identical with those usually found in “partial 
inanition.” In larger, not quite completely grown rat.s, cal- 
oric restriction, sutlicient to cause a loss of 40% of their initial 
body weight, only slightly decreased the rate of skeletal 
growth. 

The plasma concentration of calcium was normal in all 
animals, Avhile that of inorganic phosphate Avas beloAv normal 
in the young caloric-restricted animals but not in the older 
rats. Caloric restriction in young rats, older rats and para- 
thja-oidectomized older rats resulted in a markedly eleA'ated 
plasma alkaline phosiAhatase acti\’ity. PIoAveA’er, it is thought 
that these latter changes in the caloric restricted rats are due 
to an altered hepatic carbohydrate metabolism rather than to 
the defectHe bone metabolism. 
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Two reports have been published (Harrell, ’IB and^ ’46) 
Indicated that when half of the children living in an 
orphanage were given 2 xag of thiamine daily, in addition to 
their meals, their vision and their ability in a considerable 
number of psychological tests improved as compared wijh 
the other half of the children who received placebos and 
served as controls. Each child in the control group was 
matched as closely as possible with one receiving thiamine. 
For 2 periods, several days in length, all the foods eaten in 
the orphanage were weighed and the thiamine intahe per 
child was calculated from tables. The estimated intake varied 
from 0.9 to 1.0 mg per child per day, but it was noted that 
“no deduction was made for possible excessive cooking loss.” 

PKESEXT STUDY 

In the present study, 44 pairs of identical or uniovular 
twins, living in their homes, were used as the test subjects. 
The twins were shown to be identical, that is, 1-egg pairs, by 

‘Swift Foundation research fellow. 
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tlie comparison of the color of their eyes and hair and by tlie 
study of their finger, palm and foot prints (this part of the 
study was carried out by Dr. Norma Ford Walker and ilrs. 
Keid Weaver). This method is accepted as reliable by genet- 
icists. Identical twins provide subjects as closely matched as 
possible. After the initial examination was completed (see 
later), 1 member of each pair received 2 mg of thiamine and 
the other a placebo each day.^ At the beginning of the study 
the children I'angcd from 7 ^ to 15i years in age and wei’e in 
grades 1 to 9 in school. 

CALCUEATION OP THIAMINE IN DIET 

i 

The eating habits of the 2 members of each pair were nearly 
always found to be closely similar when the mother and the 
individual children were questioned on this subject, on 3 or 
more occasions. In April and May, when the children had been 
receiving the tablets about 4 months, each mother was asked 
to keep a week’s record of all food eaten by each of the 
twins. As the food was not weighed, the amounts were re- 
corded in common household measures. A calculation of the 
thiamine content of the food eaten was then made, using the 
Table of Food Values recommended for use in Canada (Nutri- 
tion Division, Department of National Health and Welfare, 
’46). The results obtained are shown in table 1. Nine of the 
24 pairs of twins were eating approximately the recommended 
daily allowances of thiamine (Pood and Nutrition Board, 
National Research Council, ’45), as is shown in column 3 of 
this table, headed “middle range.” Twelve of the 24 pairs 
wei’e eating 20 to 40 % less than the recommended allowances. 
In this case, the calculated intakes are sho'svn in colunm 2, 
under the heading of “low.” Three of the pairs were eating 
more than the recommended amounts (column 4). It was 
impossible, under the circumstances, to carry out the numer- 
ous determinations necessary to assay chemically the amount 
of thiamine in the food. 

Tablets donated by Mead Johnson and Co. 
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No correlation eonld be found between the estimate of the 
thiamine content of the diets and the effectiveness of the 
thiamine supplement, as measured by the tests listed below. 
The economic positions of the families varied greatly. Eight 
pairs were living in very poor homes and unfortunately 5 of 
these had to be discarded because the parents did not co- 
operate in giving the tablets regularly. Three other pairs, liv- 
ing in good homes, also had to be dropped for the same reason. 
Of the 36 pairs who took their tablets with sufficient regularity, 
5 pairs were quite well-to-do, 28 pairs were apparently in 
fair to moderately good financial circumstances and 3 pairs 
were in poor homes. 

TABLE 1 


age IX TEAJiS 

OJit>ClJlL\TEX> T>Xn*Y THIAillXE IX FOOD EATEX 

BY 21 PAIRS OP TVOXS 

.YMOXrXTS BBCOM- 
iCEXDED BY POOD 
AXD KBTRmoX 
BOARD, K. P.. C. 

Low 

Middle range 

High 


ma 

mg 

mg 

mg 

s 

0.7 

0.9 

2.0 

1.0 

0 

0,7 

O.S, 0.9 


1.0 

10 

0.7 

1.1, 1.1 


1.2 

11 

O.B 

1.0 

1.3 

1.2 

13 

0.9 

1.1 


1,2 

13 (boys) 

0.9, 

0.9, 1.2 

1.8 

1.5 

13 (girls) 

1.0, 

1.0 1.3 


1.3 

11 (boys) 

0.9, 

1.0 


1.5 

11 (girls) 


1.3 


1.3 


PEOCEDUBE — INITIAL TESTS PEIOE TO 
ESPEKniENTAL PEEIOD 

Thanks to the kind eo-opevation of the school staffs, facil- 
ities were provided which made it possible to carry out all 
the tests in the schools. Initial tests, prior to the experimental 
period, were made in order to compare the physical and 
psychological status of the members of each pair and also to 
exclude any pair in which 1 twin was severely handicapped. 
These tests included a physical and neni’ological examination, 
the determination of weight (indoor clothes, no shoes), stand- 
ing height (no shoes), a rough test of hearing and a carefnl 
te.st. of Hie vision of each eye alone and of both eyes together. 
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For lliG latter a Siieilou chart,'’ on which tlie illumination 
could bo kept constant, was used. This apparatus included 
a liglit meter, set in a fixed position, which measured the lig:lit 
retlected from the chart and a rheostat for regulating the 
intensity of the light omitted by the 2 rows of frosted bulbs 
that were mounted on the right and left sides of the chart. 
Caro was also taken to ensure good illumination in the room 
where the test was done. The child’s vision was scored by 
allowing a specified mark for each letter read correctly at a 
distance of 20 feet — the marks becoming progressively larger 
as the letters became smaller. 

The following 8 tests were given by the psychologist taking 
part in the study. They took 1 whole school day to admin- 
ister, and in order to reduce the effect of fatigue, the time 
was spread over 2 days. For example, a pair of twins exam- 
ined one morning would receive the remainder of Iho tests 
the following afternoon. 

nsrciroLooroAn tests 

K\Mn OK Tl.sr 

1. In(livi(hi(il test of intelUfjenco 

Hi lift, form Tj 

2. Test of rcasnninfff Grmles 

(flimplo proMomn) 

(a) dominion Test of litadiuo 

Vorabulary (^frndos U and H) 

(b) Gates llendinrj Snrvei/ 

Voralmlary (Kradva Jl-lO) 

4. (a) Arithinctio achievement ic'its “ 

(For grado li and for grado 3) 

(b) Dominion AritUmeiio Test 

Fundamental opera tinaa (Krtulea l-fl) 

fi. Test of lloto Mcmorif^ 

Momorizing ineaningK of 18 nntirely Htrango 

uordn; toHllng immediately (hereafter. 


Mirr.lTY TI STI P 

TiitoIIifjoiico 

■Roasoiiinp; 

T^oadinp: 

Roadinj? 

A ritlniiotic* 
Arithincth' 
Iininodiato memory 


^ Wo aro indebted to tho Doixiitment of Pliyniology, Univorsity of Toronto, for 
tho loan of this apparatus, which had previously boon used in tlie Koyal Canadian 
Navy. 

♦ Prepared by Dr. iTolm Lonj?, Ontario College of Education. 

“ Prepared by Dr. A. J. Phillips, Ontario Collogo of Education. 

Courtesy of Dr. Iluth E, Harrell, Norfolk, Virginia. 
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XAMS OF TEST 

6. Testing of laces and Xawies* 

Given 5 short measured times to memorize 
names of 20 faces during initial testin? 
Given no chance to refresh memory snb^e* 
quently, bnt shown faces and asked to nam« 
them. 

7. Test of Code Sxibstitution'* 

Code at the top of sheet consisting of 5 
•Geometric symbols with a different digit under 
each. Child to put correct digits under sym- 
bols printed on large* sheets in specified time. 

S. Tesi of yail Sorting* 

Filling the greatest number of standard holes 
with 3 nails, head up, in a given time. 


AniEITY TESTED 

RetentioB or for- 
getting over pro- 
longed period 

Speed, aceuracv 


Manual dexterity 


RESULTS OF INITIAL TESTS 

As soon as the initial tests Avere completed, the senior author 
assigned one t^vin to the experimental group, to receive 
thiamine, and the other tv/in was placed in the control group. 
The psychologist, the twins, the parents and the teachers did 
not know which child was receiving the thiamine. 

The average scores of the 2 gi'oups at the beginning of the 
experimental period were very similar in all the tests. The 
results of a number of the tests are shown in table 2. 


TABI/E 2 

Are rapes of mitiaf tests tu 36 pair<? of 



COKTROn 

expeei- 

iXEXTAti 

Binet (I.Q, points) 

104.6 

103.6 

Height (inches) 

55.9 

55.7 

Weight (pounds) 

7S.5 

77.4 

Code substitution 

201.4 

201.3 

Xail sorting 

84.1 

S2.3 


The intelligence quotients ranged from 76 to 158 points. 
The 2 individuals in 7 pairs had the same I. Q. (although not 
due to passing identical items), those in 16 pairs showed less 
than 0 points difference, and those in 13 pairs more than this. 

As far as the individuals making up the pairs were con- 
cerned, their abilities in the special tests used varied much 

' Obtained from Teachers College, Columbia University, Xew Tork. 

’Obtained from tlie Department of Psj-chology, University of Toronto. 
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more than was anticipated. Tiie psychological differences 
found in the pairs will be reported elsewhere. 

IJXPERniENTAL PERIOD 

fAJ Short term experiment — first 4\ months 
As soon as the initial tests were completed the twins were 
started on therapy. The placebos were made of lactose of 
identical shape and size as the thiamine-containing tablets, 
but were colored a pale pink. Each child had his own box 
of counted tablets, with his name clearly marked on it and a 
red seal as well in the case of the placebos. The importance 
of giving each twin his omti tablet once a day, preferably after 
breakfast, was stressed by the senior author when the mother 
was visited, and she was given a calendar on which to mark 
each day on which tablets were given. The mothers were 
visited once a month by the senior author, Avhen the number 
of tablets remaining was counted, the calendar checked, and 
more tablets left with her. The mothers, who were all very 
interested in their twins, were extremely cooperative. They 
had been told that 1 twin would receive more thiamine per 
day than the other. This, of course, included the thiamine 
eaten in their food. The short-term test covered an all-over 
testing period of 7 months for the examiners (November to 
June), and of 4^ months (the average figure) for each pair 
of twins. During this time, the average number of tablets for- 
gotten was 7. Seven pairs of twins remembered to take the 
tablets every day and the maximum forgotten by any pair 
was 29. The psychological tests numbered 5, 6, 7 and 8 were 
re-administered every 3 weeks during this 44 months of 
therapy. At the end of the short-term test, the whole battery 
of physical and psychological tests were repeated. At this 
time, form M of the Binet test was used, and the alternative 
forms of tests 2, 3 and 4. 

Results of short-term test (first 4^ months) 

These results are shown in table 3. The scores obtained 
were subjected to statistical analysis. 'When 2 trials only had 
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been, given, tbe level of significance of the superior or inferior 
gains°made by the thiamine-fed children was measured by 
tbe t-statistic. T^bere moi’e than 2 trials were given, tbe 
method of analysis of variance was used. The latter provides 
ajx P-statistio for the significance of the differences between 
the trends of the scores of the experimental and the control 

TAEI.E 3 

Superior or inferior gains of ihiamine-suppUmented 
children in sTiort-ienn test^ 

Subjects — 36 pairs Duration — 136 days (average) 

P— Statistics and t — Statistics ^th level of significance. 


OP TEST 


EEVEU OP 
srG^^^I- 
OAXCE OP 

i.svnt» OP 
SIGXTPI- 
CAXcm OP 
pj — 5% 

Intelligence — Binet 




Reasoning' — (Gr. 4^8) 
Reading — > vocabulary 

O.lDS 

80% 


(Gr.2) 

Beading — vocabulary 

— 0.612 

60% 

j 

(Or. 3~10) 

— 0.073 

90% 


Arithmetic (Gr. 2 and 3) 

— 1.498 

20% 


Arithmetic (Gr. 4-8) 

— 1.596 

10% 


Rote memory 


0.773 

2.43 

Code substitution 


0.462 

2.43 

Manual dexterity 


2.336 

2.43 

Faces and names (retention) 


2.159 

3.09 

Height 

2.187 

0% 


Weight 

2.260 

Between 2 and 5% 


Eyesight (Jeftej'e) 

0.925 

40% 


Eyesight (right eye) 

1.108 

30% 


Eyesight (botJi eyes) 

0.902 

40% 



— Indicates tests in which control group made superior gains, as compared 
with thiamine-supplemented group. 


groups. (Pj indicates tbe significance of differences between 
trials.) 

From table 3 it is seen that the experimental group (re- 
ceiving thiamine) made superior gains in height level) 
aud weight (between 2% and 5% level). This means that in 
only 5, or 2 times, as the case may be, out of 100 could these 
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superior gains be attributed to chance. The 5% level of sig- 
nificance is not considered conclusive but only doubtful. In 
the tests of Nail Sorting (manual dexterity) and Faces and 
Names (retention or forgetting over a prolonged period), the 
experimental group made superior gains which almost reached 
the 5% level of significance. In reasoning, rote memory, code 
substitution, and eye-sight, the superiority of the experi- 
mental gToup was veiy slight and not significant statistically. 
In intelligence, reading, and aritlmietic, the control group was 
slightly superior but this again was not significant statistically. 

(B) Long-term test (9 months’ duration) 

The long-term test included the short-term one described 
above plus an extension, over the summer holidays, of roughly 

months. During the summer it was not possible to maintaiji 
close contact with the families and as a result 11 pairs of 
hvins stopped taking the tablets or took them very irreg'ularly. 
The long-term study, therefore, comprised 25 pairs of twins. 
Dui-ing the 9 months of this test, the average number of tab- 
lets missed was 10, the maximum number forgotten was 29, 
and 2 pairs took them every day. At the end of the 9 months, 
the complete battery of physical and psychological tests was 
readministered, using the original forms. The results are 
sho'wn in table 4. 

It is seen that in reading and arithmetic the older children 
(grades 3 to 10) in the control group made slightly greater 
gains than those given the thiamine supplement. These gains 
were not significant statistically. In the other tests, the ex- 
perimental group (thiamine-supplemented) showed slightl 5 ^ 
greater gains, which again were not significant statistically. 
Why the control group largely “caught up” on the thiamine- 
supplemented group, during the summer, is not clear. It has 
been reported that American children grow more in weight 
during the summer and autumn than in the rest of the year. 
Also their diets, during the summer and autumn, contain more 
fruits and vegetables, which would increase the thiamine in- 



added thia-mke usko idextkad twixs 


699. 


sSHSE-'H- 

of age. table 4 

superior or inferior of ilMe-suppleoreniei 

children in long term test. 

■nuTatiou — 273 (iav3 (average) 

JSaUc. Lis 0, aigBi....;- 


ov 'ixsr 


T>i:vx:r oP 
SJGN'T^IC*4>'eE 

ov y \ — 5^ 


Intelligence — Binct 
Reasoning (<5r. •ir-S) 

Reading — vocal>ulaTT (Gt. S-IO) 
Reading — voea'bularv (Gt. 2) 
Arithmetic (Gt. 4r^) 
Arithmetic — (Gr. 2 and Z) 

Rote memory 

Code substitute 

Manual dextenty 

Faces and names (retention) 

Height 

Weight 

Eyesight (left eye) 

Eyesight (tight eye) 

Eyesight (both eyes) 


1.613 

3.19 

1.073 

3.26 

— 2.62 

3.25 

0.51 

4Ad 

^1.75 

3.26 

QAS 

4.10 

0.529 

2.29 

D.624 

2.29 

0.315 

2.29 

1.203 

2.46 

0,483 

3.19 

1.148 

3.19 

0.83 

3.20 

1.39 

3.21 

0.61 

3.20 


sains, as compaxea xritTi 

thiamine-sviXipleittented group. 


COSiCLTJSIO^CS 

1, The adKunistratioB of 2 mg daily of thiamine for U 
mouths to half of 36 pairs of identical tudns resulted in im- 
provement in "weight and height gains, and in manual dex- 
terity and prolonged memory test scores, that were of 
questionable statistical significance. The tests used for 
measuring vision, intelligence, reasoning, arithmetic, rote 
memory and code snhstitntion gave results of no statistical 
significance. 

2. Twenty-five pairs of the twins were kept in the study for 
4i tuonths longer, When they were again tested at the end 
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of this period, that is, after 9 months of therapy, no gains of 
statistical sigTiificance were evident in any of the tests. 
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STUDIES THE KBQUIEEHEXT OP THE 
CHICK FOR TRYPTOPHAKE 

if 0 WILKE^-1^'G,' B. S. SCH^IGEBT, P. B. PEABSOX 
AAT? R. M- SHERWOOD 

Department of Biochemistry and yutrition and Veyartment of Poultry 
'Exisbandvj, ^^ricuUural a?id Mechanical CoUerie of Texas, 
College Station, Texas 

0^'E FIGtTRE 


(Received for pubHeation Ang^t 8, 194 <) 


Sinco tli6 RViRn spGci^s* cli^t consists IsLigGly of cGroal 
grains and tlieir by-products, and since the limited amount of 
tryptopbane present in most cereal grains is recognized, the 
need for considerable information on the tryptophane reqmre- 
ment bv vai'ious members of the avian species is emphasized. 

Work on the tiyptophane requirement of the chick has been 
reported by Ahnqnist and lilecchi ( ’41) and Gran and Alm- 
quist (’44). Recent studies by Briggs (’45) and Briggs, 
Groschke and Lillie (’46) demonstrated that the tryptophane 
requirement was influenced by the level of nicotinic acid pres- 
ent in the ration. 

In the present work, experiments were conducted to obtain 
additional information on the tryptophane requirement of the 
chick when optimum levels of nicotinic acid were supplied in 
the ration. An improved basal ration was developed in which 
the protein was supplied by oxidized casein (Toennies, ’42) 
and gelatin supplemented with the sulfur amino acids. This 
ration when properly .supplemented with tryptophane sup- 
ported growth which was comparable to that obtained with a 
practical chick starter or with diets containing untreated 

'Present nddicss; Rc-oarch Laboratorr, Securitv MilU-, Kno.\ville, Tennessee. 


701 



704 


iVr, C. WILKENING AXD OTHHItb 


TABLU 1 


The amino acid comiwhitioa of the ba^al ration and the reported requirement 
of each ammo acid for the chick. 


\MlNO VCID ' 

VMINO 

I2'c 

owdized 

cusLin 

veil) ‘» 0 U 1 CC 1 

inf* fish 

JlaHn SOluhks 

TOTVn VMISO 
VCID CO^T^ NT 

iinPonxED 

aDQUniLitENT 

.VNT> 

UrVERKNOI 



i/tti 

I/M 



Histidine 

0.34 

OOG 

o.os 

0.48 

0.15- 

Arginine 

0.17 

0 91 

O.OG 

l.il 

10"; 1.2" 

L) sine 

0 92 

0 58 

O.OG 

1 5G 

0.9"; l.l" 

Leucine 

1.19 

0 3") 

O.OG 

1.00 

1.5* 

Isolcucine 

0.G7 

0.17 

0.04 

0.88 

0.5* 

Valine 

O.SO 

0.27 

0.04 

1.11 

0.7* 

Methionine 

0.00 

0 06 

0.02 

oos 

p 

<r. 

0 

Threonine 

0.44 

0 20 

0.03 

0.67 

1.0" 

Trvqitophano 

0 003 

0.001 

0 004 

O.OOS 

0.5"; 0 21 » 

Phen>lalaninc 

0.71 

0.23 

0.03 

0 97 

0 5" 

Gl> cine 

OOG 

2 36 

0 09 

2 51 

1 0"; 1 8" 

Cv stino ® 

O.OIG 

0.010 

0.008 

0.034 

0.4" " 


'The amount of tryptophane and methionine in the oxidized casein was deter- 
mined in this laboratory; all other \alue 3 were taken from either Toeiiuies ('42), 
Block and Bolling ('45), Stokes ot al. ('45), or Lassen and Bacon (*46). 

- Almquist and Gran ( '44) . 

‘Cravens, Almquist, Norris, Bethke and Titus ('44) 

^ Gran and Peterson ( '46) . 

®Grau and Almquist ('44). 

“ Not an essential amino acid 

TABLE 2 


Comparison of the growth promoting piopeities of several lation^. 


CHICKS rSED 

WHITE DLGIIORN 

^ NFw ir vMrsinuR x wiiith deohorn 

B'l'i'il diet 

(II frvpto 
phane 
added 

Numhi r 
chu k'? 

Oam 

P‘ r 

chick 

df trjpto 
phane 
ndded 

Number 

chicks 

Gam 

per 

chick 


% 


put 



pin 

12 % oxidized casein 

0 8 

10 

15 

0.6 

10 

144 

12 % casein 

05" 

8 

19 

0.34" 

10 

149 

18% oxidized casein 

08 

9 

15 




18% casein 

0 45" 

8 

16 




Practical chick starter 


8 

16 


10 

148 


'Day old White Leghorn chicks were fed the experimental diets for 8 dajs 
The crossbred chicks were placed on experiment at 10 dajs of age. Experiment 
conducted for 14 days. 

■* The ?() tryptophane contents of the casein diets were adjusted to approxi 
mately equal those of the oxidized diets. 
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basis t’ov tbe second method for the determination of the 
tr^-ptophane requirement of the chick. The technique used in 
this method involved the substitution of casein for oxidized 
casein in the basal ration and the feeding of graded levels of 
casein as the source of tryptophane. The casein added in ex- 
cess of 12% was supplied at the expense of the starch. 

Since the tryptophane requirement of the chick is influenced 
by the amount of nicotinic acid in the ration, 5 and 10 mg of 
nicotinic acid per 100 gm of ration were fed with a sub- 
optimum level of ti-yptophane. The growth response was the 
same for hath groups therehy indicating that, for the ration 
used, ouig nicotinic acid per 100 gm of ration supplied an 
adequate quantity of this dietary constituent, and this level of 
nicotinic acid was used in all snhsequeut experiments. 

Studies with graded levels of tryptophane. It had heen 
previously reported that the requirement for tiyptophane in 
the dl form was twice that for the natural form, and that the 
cluck required approximate!}’' 0.25% l(-) tryptophane in the 
diet (Gran and Almqnist, ’44). Therefore the first experiment 
in this series was designed to feed graded levels of dZ-trypto- 
phane ranging above and below the recommended level. The 
crossbred chicks were used in this exjjeriment. The chicks 
receiving the basal diet to which no tryptophane had been 
added lost IS gm (table S). Approximately 70% of this loss in 
weight occin-red during the first 5 days. The deficient chicks 
were less active and they remained inside the heated portion 
of the brooder most of the time. The primaiy wing feathere 
were ragged, comb growth was retarded and the chicks ap- 
peared weak and emaciated. T}i3iea] birds fed the tiypto- 
phaiiG deficient and tryptophane supplemented ration are 
shown in figure 1. 

An analysis of variance showed no significant difference in 
growth between groups fed either 0.30, 0.40, 0.50, or 0.60% 
d/-ti-yptopliane. The chicks fed these diets gained 9 to 10 gm 
per ilay, whieh is considered excellent growth, and the maxi- 

• W.. .ire indebto-l to The Dow Clu'niie.il Conipnny for generous gifts of rU. 
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T\nLU J 

Effect of ficdin{jr (/laded Icich of irijiitophaiu and uUlui on 
f/iouth and cfficuncj/ of pain. 


^V>1U11T OVI^ Oils 

CHICKS VT'JiDV\S CmCK * l^rKO CONSUJtl D 


jm ym */iu 

Studies nitli tr} ptopli.uie (N\u Ilainpslnre X Wliite Logliorn cIiioK'*) 

Trj ptophane add( d 
to basal intion (%) 


Expenment 1 


None 

10 

76 

18 

— 0.11 

0.30 dt 

10 

210 

124 

0.12 

0.40 dl 

10 

221) 

135 

0.17 

O.oO dl 

10 

224 

130 

0 46 

0.60 dl 

10 

2KS 

in 

0.48 

Expenment 3 

None 

10 

66 

— 17 


0.10 Z( ) 

10 

102 

20 

0.13 

0.15 ?^) 

10 

101 

112 

0 38 

0 2010) 

10 


141 

0 40 

0.30 dl 

10 

225 

143 

0.50 

0.40 dl 

10 

221 

130 

0.46 

Expenment 3 

0.125 Z(-) 

10 

lOS 

27 

0.11 

0.175 

10 

213 

133 

0.4S 

0 250 J(-) 

10 

204 

123 

0.43 

oaodj 

10 

201 

121 

0.44 

0.50 dl 

10 

208 

128 

0.44 

Casein added to 

basal ration (%) 

12 

Studies nith casein 

New Hampshire X White 
10 101 

Lcglioiii 

110 

0.44 

15 

10 

2J1 

111 

0.54 

18 

10 

235 

154 

0 56 

12 

10 

White Leghorn 
182* 

02 * 

0.42 

15 

10 

186 

96 

0.48 

18 

10 

200 

no 

0 40 


* Chicks Meie fed the e\peiiinental diet for 14 dajs, 
^ Average weight at 22 da;> s. 

® Chicks ^\eie fed the e\pcrimental diet foi 12 da^s 
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mal efficiency of gain obtained was 0.48. In terms of the re- 
ported tryptophane I'equirement, this was interpreted to mean 
either that the reported reciuirement was too high or that the 
chick was capable of utilizing the (Z-isomer of tryptophane or 
both. With the use of these experimental techniques, detailed 



Fjg. 1 Xew Hampshire X White Leghorn chicks after 1-i da>s on experiment. 
Tho cluck on the left received an adequate diet and weighed 222 gm, while the 
chick on the right received the basal diet and weighed 63 gm. 


data have been obtaiued ou the utilization of tbe ^Msomer of 
tryptophane by tbe chick and the utilization obseiwed ranged 
from 17 to 40% (Wilkening and Schweigert, ’47), 
Experiment 1 indicated that 0.30% dWiyptophane may sup- 
ply adequate trnhophane to meet tbe clucks’ requirement 
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therefore experiment 2 was designed to expand and further 
investigate the findings of the tirst experiment. Crossbred 
chicks were fed graded levels of i!(-)tryptophane ranging from 
none to 0.20%. Diets containing 0.30 and 0.40% df-trypto- 
phane were fed as the positive controls. The results of growth 
and efficiency of gain for the second experiment are presented 
in table 3. i 

The ration which contained 0.20 Z(-) tryptophane supported 
growth comparable to that obtained Avith rations supple- 
mented with 0.30 or 0.40% dZ-tryptophane. It Avas obvious 
that the rations containing 0.0 and 0.10% Z(-) tryptophane did 
not support growth comparable to rations containing the 
higher levels of tryxitophane. A statistical analysis of the data 
shoAved that there Avas no significant difference in the groAvth 
of chicks fed diets containing 0.20% Z(-) tryptophane and 0.30 
and 0.40% dZ-tryptophane. The gains observed Avith the 0.15% 
Z(-)tryx)tophane ration AA'ere significantly different from those 
obtained Avith the 0.20% Z(-) tryptophane ration (P <.02). 
Thus it Avas shoAvn that 0.20%- ZC)trA^3tophane and 0.30 and 
0.40% dZ-ti'AqDtophane supplied an adequate quantity of 
tryptophane to support both optimum gains and efficiency 
of gain. 

A third experiment Avas then conducted to further extend 
and confirm the results obtained in the first 2 experiments. 
Kations containing 0.125, 0.175, and 0.250% Z(-) tryptophane 
and 0.30 and 0.50% dZ-tryptophane Avere fed to the crossbred 
chicks. The results of this experiment are also sIioavu in 
table 3. In the second experiment it Avas shoAAm that the 
0.15% Z(-)tryptop)hane diet did not support maximal gi’OAAdh 
or efficiencA^ of gain, but the 0.20% diet did. In this experi- 
ment, it can be seen that the 0.175% Z(-) tryptophane diet sup- 
plied sufficient tryptophane to the basal ration for optimum 
groAvth or efficiency of gain. As was true in the previous ex- 
periments for rations supplemented Avith dZ-tryptophane, the 
0.30%' diet supported maximal gains and efficiency of gain. 

The groAvth data obtained Avith rations containing 0.175 and 
0.25%) Z(-) tryptophane and 0.30 and 0.50% dZ-tryptophane 
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were treated statistically. The F test showed no significant 
difference between any of these levels of !(-) or dl-trypto- 
phane. Therefore, it was concluded that maximal rates of 
gain were obtained with diets containing either 0.175% l{-) 
tryptophane or 0.30% dMryptophane and that higher levels 
of tryptophane did not result in an increased growth response. 

For maximal gain the minimum amount of l(-) tryptophane 
which was added to the basal ration was 0.175%. The basal 

TABLE 4 


Effect of feeding graded levels of tryptophane on growth 
and effciency of gain (White Leghorn), 


Tf.VPTOPUAKE APDZT> 

TO B.VSXU^TIOS 


"VraiGHT 

AT 22 OATS 

GAIK 

PIUl CHIOK < 

GAIlf PER Oil 
COKSCiCED 

Co 


ffnt 


ffrft 

Xoae 

10 

77 

— 12 

— 0.1-i 

0.100 l(^) 

10 

107 

IS 

0.15 

0.1S5 £(-) 

10 

156 

66 

0.33 

0.173 U-) 

10 

178 

8S 

OM 

0.200 ZP) 

10 

181 

91 

0.38 

0.223 Z(-) 

10 

1S4 

91 

0.4i 

0.30 (JZ 

10 

179 

SO 

0.42 


* The experiments irere conducted for 12 days. 


ration contained 0.008% ^(-) tryptophane (fable 1), There- 
fore the minimum level of t(-)tr}-ptophane in a diet which 
supported optimum growth was 0.183%. From the results oh- 
tained with the oxidized casein diets, the Z(')tryptophane re- 
quirement of the New Hampshire X "Wliite Leghorn cross was 
therefore shown to be 0.18% of the diet. 


Since the results obtained in this laboratory with respect 
to the tryptophane requirement of the chick were not in agree- 
ment with those reported by Gran and Almquist, whose ex- 
periments were coudncted with the mite Leghorn chick it 
appeared desirable to obtain infonnation on the mite lW 
horn. These workers used a 12-day feeding period, and the 
experiments performed in this iaboratoiw with the Le-born 
were conducted for a similar period of time. The results of 
this experiment are presented in table 4. mile the rate of 
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gain was less for the ’White Leghorn, the relative response 
of the Leghorn to the graded levels of tryptophane was tlie 
same as that obtained with the hybrid chick. The growths 
obtained with rations containing 0.175, 0.20, and 0.225% l{-) 
tryptophane and 0.30% dLtrvptophane were all of the same 
order of magnitude, but the ingestion of rations containuig 
lower amounts of tryptophane resulted in correspondingly 
less growth. There was no statistically significant difference 
in the gains obtained with rations containing 0.175, 0.20, and 
0.225% ?(-)tryptophane and 0.30% dZ-tryptophane. Tliese re- 
sults are in agreement with those obtained with the crossbred 
chicks and thereby confirm the requirement of the cliick for 
tryptophane at 0.18% of the ration. 

Comparative blood studies were made on normal and de- 
ficient hybrid chicks from Experiment 2 which liad been on 
the test for 14 days. In this study determinations were made 
on the hemoglobin and plasma protein levels and the apparent 
free tryptophane content of the plasma. The results obtained 
for hemoglobin and total plasma protein showed no difference 
between the normal and deficient groups. It appears, there- 
fore, that a longer time would be required for a significant 
reduction to occur in these blood constituents. However, the 
apparent free tryptophane levels, determined microbio- 
logically (Schweigert ot ah, ’46) varied with the intake of 
tryptophane. The average content of apparent free trypto- 
phane in the plasma of the group receiving the basal ration 
Avas 1.8 ag per ml, v^hile the average level for the group receh’^- 
ing an adequate amount of tryptophane Avas 6.5 ag per nil of 
plasma. This observation confirms preA’ious findings Avith the 
rat (SchAveigert et ah, ’46). 

Studies with graded levels of casein. Since the preliminary 
experiments indicated that diets containing- untreated casein 
afforded a second method for determining the tryptophane 
requirement of the chick, an experiment Avas conducted using 
diets in A\daich casein ' replaced oxidized casein in the basal 

* The casein Aisod in tlicso cxpcrinients analyzed 1'4.3% total nitrogen, 10.2% 
moisture, and 1.14 Z(-)tryi)toplmno. The values for total nitrogen and i(->trypto- 
phan® are uncorrected. 
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ration. Tlie casein "vvas essentially the sole source of trji^to- 
pliane in the diet, and the tryptophane content of the ration 
was varied hy feeding gi’aded levels of casein. The N^ew 
Hampshire X "White Leghorn cross and the White Leghorn 
chicks were used in this experiment. The resnlts are presented 
in table 3. In the experiment with the hybrid chick, the 12% 
casein diet produced neither optimum gains nor efficiency of 
gain. It was apparent that both the 15 and 18% casein diets 
produced a similar response, and statistically there was no 
significant difference between these groups. The dift'ereuee in 
the growth obtained between the 12% and 15% casein diets 
was highly significant (P = 0.0012) . 

The growth of the White Leghorn on the 15% casein diet 
was not comparable with that of the group fed the 18% casein 
ration, but the efficiency of gain was approximately the same 
for both groups. The group fed 15% casein consumed approxi- 
mately 215 gm less feed than did either the group fed 12% or 
18% casein. There was no available explanation for this de- 
crease in feed consumption. Since the efficiency of gain had 
reached a maximum for both the White Leghorn and the 
hybrid and growth was at a maximmn for the latter it was con- 
cluded that 15% casein supplied a quantity of tryptophane 
sufficient to meet the chicks’ requirement. 

The tryptophane content of the casein was determined bv 
microbiological analysis using Streptococcus faecalis R as the 
test organism. The tryptophane was liberated from the casein 
by alkaline hydrolysis (Kuiken and Lyman, ’47). The basal 
medium used for the determination of the tryptophane was 
the same as that used by Greenhut, Schweigert and Elvehjem 
(’46). The l(-) tryptophane value obtained for the casein 
was 1.14%. 

It was demonstrated that the 15% casein diet supplied an 
adequate quantity of tiyptophane to meet the chick’s require- 
ment and that the casein contained 1.14% i^(-)tryptophane 
Therefore, the 15% casein supplied 0.171% l(-) tiyptophane 
while the remainder of the ration supplied 0.005% l{-)tmT)to 
pbano. The total amount of l(-) tryptophane contributed bv 
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Lhis ration was 0.176^/{, Consequently, the tryptophane re- 
quirement of the chick as determined with the casein diets 
was 0.18% of the diet. 

The result.s obtained with the oxidized casein and casein 
diets are in excellent agreement. The i(-)tryptophane I’equire- 
mcut of the chick, as determined by 2 independent methods 
with both the Now Hampshire X ^^nhte Leghorn cross and the 
White Leghorn, is 0.18% of the diet for either growth or for 
efficiency of feed utilization. 

There is no ol)V'ious explanation for the difference in the 
results obtained in this laboratory and those reported by Gran 
and Almquist. However, the level of nicotinic acid or other 
dietary eomponents used may have been contributing factors, 

SUMJIARy 

Chicks were fed a purified, tryptophane-low diet in which 
the major sources of protein were 12% oxidized casein and 
10% gelatin supplemented with cystine and methionine. 
Oliieks grew normally when an adequate amount of tiypto- 
phane was added to this diet. Using this ration with graded 
levels of trjqptophane and a ration in which untreated casein 
supplied the tryptophane, the I (-) tryptophane requirement 
of the New Hampshire X White Leghorn crossbred chick and 
the White Legliorn chick was shown to be 0.18% of the diet. 
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Previous experiments (Jack et al., ’45) have shown that 
young rats fed diets containing milk fat which had previously 
been dissolved in pentane (Skelly-solve A) did not grow as 
well as those fed diets containing untreated milk fat. Kratzer 
(’45) noted that the use of chloroform as a solvent had a 
similar effect on chicks. Examination of the fat which had 
been dissolved in pentane showed that it was not oxidized by 
the treatment, but was less resistant to oxidation as measured 
by the development of peroxides in accelerated oxidative 
stability tests at 80° C. 

It seemed probable that the retardation of growth could 
have been caused by a destabilizing effect of the solvent either 
through chemical reaction or by a physical reorientation of 
the natural antioxidants present. The possibility of an im- 
purity in the solvent which could have caused retardation of 
growth was not overlooked, although this was not considered 
likely since the solvent had a negative peroxide test. 

EXPERIWEXTAL 

A series of diets containing milk fat which had been dis- 
solved in various solvents, followed by solvent-removal before 
feeding, was prepared and fed as described earlier (Hender- 
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son et al., ’45). Two male and 2 female rats \vcighing about 
45 gm at Aveaning Avere used in each lot. The soh'ents chosen 
Avere methyl alcohol, ethyl ether, acetone, chloroform, and 
pentane as representing the most common types of compounds 
usually used as fat solvents. The solvent Avas removed by 
distillation and subsequent sAveeping Avith nitrogen to remove 
the last traces. 



7?/77e //7 /Voc//~s. 

Fig. 1 The development of peroxides in milk fat treated 'with different solvents. 

FigTire 1 shoAvs the oxidative stability of the treated fats. 
The acetone and chloroform Avere redistilled and ethyl ether 
Avas freed from peroxides over metallic sodium. Pentane does 
not shoAV as great a destabilizing effect as the other solvents, 
but it should be essentially inert since it is a saturated hydro- 
cai’bon. 
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Figuie 2 shows tho growth of rats fod. diets containing 20% 
milk fat treated with the previously mentioned solvents. This 
is a representative trial among several that were run, all 
showing essentially the same relationships. Pentane retarded 



Fig. 2 The growth of young rats fed diets containing 
with different solvents. ^ 


fats 


previously treated 


growth to a greater degree than it reduced the i .• 
bility and this led to an examination of the solves S'"' 
unsuspected impurities. Methvl alcnhnl for possible 

increase in peroxide number but depresser<rrl?® greatest 

Ethyl ether did not depress -rowth ° little. 

©lowtb but produced a hio-h 
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peroxide mmiber. There was, thcrerore, very little correlation 
between growth and peroxide number. 

Sulphur is a common impurity in solvents of petroleum 
derivation but no evidence of sulphur could bo found. A 
slight gummy residue that developed upon drying was sus- 
pected of being olehnic in charactoi”. Treatment with fuming 
sulphuric acid removed this residue and following this dis- 
covery, all pentane, except where so designated, has been 
treated with fuming sulphuric acid. 



Fig. 3 The development of peroxides in milk fat as affected bv pnrilieation of 
pentane. 


Figure 3 shows the oxidative stability of milk fat which has 
previously been dissolved in purified and unpux’ified laeutane. 
It is apparent that purification of iDentane by treatment with 
fuming sulphuric acid removed the material responsible for 
reducing the oxidative stability. 

Figure 4 shows the growth of rats on diets containing milk 
fat that had been dissolved in purified and rxnpui'ified pentane 
and also the growth on diets containing 3 milk fat fractions 
from purified pentane, prepared as described by Henderson 
and Jack (’44). Apparently, the deleterious effects of the 
impurities were removed since the fat which had been dis- 
solved in the purified pentane produced the same growth as 
that which had not been dissolved in solvent. 
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111 tlie previous exiicriments (Jack et al., ’45) it was re- 
ported that milk fat, not solvent treated, produced slightly 
greater growth than the — 53° filtrate fraction. It will be 
noted that the — 53° filtrate used here from purified pentane 
produced growth suhstantially greater than the original fat. 



7^//77e //? Z^ays. 

Fig. A The growth ot young rat3 fed diets containing fat from purified and 
uupurifvcd pentane. 
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This was to be expected since the — 53° filtrate used previously 
was prepared with nnpurified pentane. 

Table 1 gives the fatty acid composition of the — 53° filtrate 
fraction used in this experiment, together with the composi- 
tion of that used previously for comparison. 

TABLE 1 


Fatty acid composition of — filtrate fractions. 


nE.VQTII Ol» 

CAUDON CIIAIK 

Moii pEit cent 

From unpurifted 
puntano * 

58.37, Sap. no. 230.9 

From purlOed 
pvnlane * 

I.V. 00.8. Sap. no. 235.1 

Saturated 



c, 

9.3 

4.2 

c. 

6.9 

1.6 

c, 

2.4 

3.7 

Cjo 

4.5 

1.1 

c„ 

3.7 

2.4 

Cj* 

7.4 

5.4 


14.0 

11,8 


6.8 

9.2 

CjO 

1.4 


Unsaturated 



Cxe 

1.4 

0.3 

Ci3 

0.4 

1.1 

Cx* 

1.8 

1.1 

Cx. 

4.6 

11.7 

Gift 

30.0 

32.4 

C 20 

0.8 

4.9 

c„ 


0.7 

Linoleic 

6.0 

8.4 


» Jack et al. (’45). 

* This study. 

*I,V. is iodine value; Sap. is saponification number. 


The present — 53° filtrate fraction is slightly more un- 
saturated than the one previously used but otherwise is not 
greatly different in composition. 

Table 2 shows the feed consumption and efficiency of utili- 
zation of feed on the diets containing the milk fat fractions 
prepared from purified pentane. These values are for the first 
5 weeks only. The values for the entire 6 weeks for all diets 
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are not available because of failure of the attendant to weigh 
the remaining feed for some of the animals at the end of the 
trial. The data available indicate that thexe is no significant 
difference in 6 weeks from the S-weeks’ results. 

It ■will be noted that the total feed consumption is not 
greatly different on the different diets. This is in accord -with 
the previous findings by Jack et al. (’45) when milk-fat 
fractions were fed. The animals on the diet containing — 53° 
filtrate fraction ate the least feed and gained the most weight. 
The animals on the diet containing the — ^20° ppt. fraction 
required the largest amount of feed per gram of gain. 

The reports by Burr and his associates ( ’43, ’44) concerning 
the deleterious effects of oxidized fat in the diet and the 

TABX,E 2 

Feed consumption and efficiency of feed utilization on miTfc fat fractions 
from purified pentane. 


TEZD COKSUMEB O IN WXIGHT GEAilS V£ED PER 
5 W'EEKS 5 WEEKS GRAM OP GAIX 


Original fat 

449 

181 

2.49 

Original fat (Purified pentane) 

444 

184 

2.41 

Original fat (tTnpurified pentane) 

467 

175 

2.67 

—20° ppt. 

474 

166 

2.85 

— 53° ppt. 

488 

183 

2.67 

— 53° Filtrate 

441 

203 

2.1S 


stabilizing effects of tocopherols, taken in conjunction -with 
the data presented here, suggested a possible nutritional sW- 
uificance in the oxidative stability of fat. A series of diets 
was prepared in which milk fat was used at different levels 
of oxidative stability as altered in the laboratoiw. 

klilk fat unoxidized and with no peroxide number was used 
in the control. A portion of this fat was carried to the end of 
its natural induction period, to a peroxide number of 1— ^ 
Another portion was mildly oxidized bv bubbling oxv<-en 
through it to a peroxide immber of 1(K12. And°a fourth 
sample £o.-tif.ca „itl. 0.15% of mbocl tocoplerols after 
lionis taken to tl.o eml of Us natm al induction period The°e 
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fats were mixed in diets as before at a level of 20^^ and fed 
to young rats. These results are shown in figure 5. 

The growth differences are small ; however, the mildly oxi- 
dized fat did not produce quite as good growth as the other 
samples containing fat. Neither reducing the induction period 
nor fortifying the destabilized fat with tocopherol had any 
significant effect on growth. 



Fig. 5 TIio growth of young rats on diets containing milk fat in different 
stages of oxidation. 


DISCUSSION OF RESULTS 

The growth-retarding effects of solvents on fats to be used 
in experimental diets evidently result from a residue of a 
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stoties 

,f .rliere tlie fat ias not interacted 
deletevious component, ^vne Ucome 

cUenucallr^a “’/f ’ stSuUy, short of actaal 

osdizea. Beaucbon ot growth of 

osidalioa, iB these "“-f “ “mill fat treated thBsly. 

from the diet animals on this diet 

prepared rnth ^ore efficiently. It seems 

Lre able also to -^^."^Tomponent from milk fat 
probable that a grow Studies are under way to 

iLnt« Posffibl^ component and to detmnnine its mode 

of action. satisfaetoiT explanation to 

aerntiriet— th Jet.U .a.s ae represeated hy 

the same diets m bguies ~, 

SUAiMARX AXm COXCLUSIOXS 

ic Utt-ep ‘;bown that pentane (Skelly-Solve A) 

\ imwrity which lowers the growth-promoting vatae 

Tm The obdatiwe stabUity is also lowered. 

“ 0 ParificatioB of the solvent by treating with furmng snl- 
a*" • -A vPTtinves this deleterious component. 

^3 "Fat dissolved in purified pentane is not reduced m oxxda- 
loUUPv nor in growfb-promoting value. 

1 -53^ filtrate milk-fat fraction prepared with puri- 

fied neutane produced significantly greater growth m young 
vats^ban the original milk fat and also greater than the otbei 

milk a tliet containing —53= filtrate milk-fat 

fraction used their feed more efficiently for growth than those 
feel diets coutaimng the original milk fat and the other 

fractions. 
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Morgan (’31) found that the biological value for rats of 
cereal proteins and casein -was decreased by dry heating at 
140° C. for 30 minutes. Later it was shown (Greaves, Morgan 
and Loveen, ’38) that lysine was very effective in correcting 
the amino acid deficiency of heated casein. BoiUng or auto- 
claving of meat protein (Morgan and Kem, ’34) and auto- 
claving of edestin (Waisman and Elvehjem, ’38) for 5 hours 
at 120 °C, reduced the biological value of these proteins for 
rats. A supplement of lysine to the autoclaved edestin gave 
better growth than did the unautoclaved material. Overheat- 
ing of cereal and other proteins in the explosion process used 
in the preparation of many breakfast foods caused a marked 
decrease in protein nutritive value (Stewart, Hensley and 
Peters, ’43; Mitchell, Hamilton and Beadles, ’45). 

The nutritive value of soybean oil meal was shown to he im- 
proved by proper heat treatment and impaired by autoclavino- 
for too long a time or at too high a temperature (Parsons et al. 
’39; Bird and Burkhardt, ’43; Evans and McGinni.'s, ’46). 


‘ Published as Seieiititic Paper no. 719, College of Agriculture and Agricultural 
Experiment Stations. Institute of Agricultural Sciences, State College of Wash- 
ington, Pullman, Washington. Presented at the One hundred and eleventh Aatioual 
American Chemical Society Meeting as part of a paper. “The influence 'of auto- 
elating Hojhean oil meal on the nutritive value of the proteins." 


* Preicnt address. Division of 
Michigan. 


Chemistry, Michigan State College, East Lansung, 
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Parsons ot al. (’39) reported tljal lysine failed to improve 
the nutritive value of over-heated soybean oil meal. Evans 
and iteGinnis ( ’46), using a diet eontaining 5% dried brewers’ 
yeast and o^o gelatin in addition to the soybean oil meal, found 
that methionine added to the diet containing over-heated soy- 
bean oil meal (autoclaved for 30 minutes at 130°C.) gave a 
chick growth response almost equal to that obtained with 
optimally heated soybean oil meal plus methionine. 

Clandiuiu et al. (’47) found that over-heated soybean oil 
meal, Avhen incorporated in a practical soyl)ean oil meal chick 
diet, was deficient in available methionine and lysine. Since in 
the earlier work (Evans and !MeGinnis, ’46; Clandinin et al., 
’47) all of the dietary protein was not supplied by soybean 
oil meal, it was desirable to determine whether amino acids 
in soybean oil meal other than methionine and lysine are made 
unavailable to the chick by prolonged autoclaving. 

EXPERIirEXTAL 

The raw soybean oil meal i;sed in this study was a sohmnt- 
extraeted product. The required amount for each diet was 
spread in enamel pans to a depth of about 1 inch and then 
autoclaved. As indicated in table 1, some samples were auto- 
claved for 30 minutes at 100°C’., Avhereas, others Avere auto- 
claved for 60 minutes at 130°C. These treatments bad 
prcA'iously been found (Evans and ]\IcGinnis, ’46) to gh^e a 
soidjean oil meal A\dtli high and Ioav nntritiA^e value, respec- 
tively. 

The percentage composition of the diets fed Avas as foIIoAA’^s : 
Soybean oil meal 48.0, cerelose 43.9, mineral mixture 6.0, 
soybean oil 2.5, fish oil (400 A.O.A.C. units D, 1000 U.S.P. 
units A/gm) 0.5, ethanol-soluble liver fraction 0.1. Vitamins 
AV’^ere added in milligrams to each 100 gm of diet as folloAvs: 
choline chloride 200, mixed tocopherol concentrate 10.0, 
p-aminobenzoic acid 10.0, niacin 3.0, 2-methyl 1, 4-naphtho- 

' Composition of mineral mixture (grains): Ground limestone 1570, dic.ileium 
nliospliato 1740, K,HPO, 840, NaCl 000, jrgSO,-7H.O 500, Fe (SOP,Xrr.O 
55, liInSO,-4H.O 29, KI 3.3, CuSO,.5H,0 1.5, ZnCl, 1.0, CoCl^-GiqO 0.2. 
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qiiinoue 1.0, riboflavin 1.0, calcium pautotbenate 1.0, thiamine 
0.5, pyridoxine HCl 0.5, pteroylglntamie acid 0.05, biotin 0.01. 
The diets contained 22.4% protein, 0.26% methionine and 
0.46% cystine. The methionine and cystine were determined 
bj' the differential oxidation procedure (Evans, ’45). The 
only differences between the variou.s diets were the different 
autoclaving treatments that the raw soybean oil meal received 
and the amino acid supplements which are described in table 1. 
The amount of cystine and methionine added to the diets was 
sufficient to meet the chick’s requirement for these 2 amino 
acids, according to Grau and Almquist (’43). 

Unsexed Xew Hampshire chicks were distributed at random 
into 30 gToups of 10 chicks each. The chicks were wing banded 
and placed in electrically heated batteiy brooders. Bach ex- 
perimental diet and water were fed ad libitum to duplicate 
groups of chicks. The chicks were weighed individually and 
feed consumption determined at weekly inteiwals. The dura- 
tion of the experiment was 4 weeks. 

RESULTS 

The results on chick growth and feed utilization are .sum- 
marized in table 1. The unautoclaved raw soybean oil meal 
gave poor growth, and a supplement of cystine failed to 
appreciably improve the growth of chicks fed the raw soybean 
oil meal. Methionine gave a much greater growth response 
than cystine but failed to give maximum growth. A combina- 
tion of methionine and cystine gave about the same gi-owth 
as methionine alone. 

Autoelavmg the raw soybean oil meal for 30 minutes at 
100°C. gave a pronounced growth response which was more 
than twice as great as that given by the supplement of methi- 
onine to the raw soybean oil meal. Growth of chicks fed diets 
containing soybean oil meal autoclaved for 30 minutes at 
100°C'. was not improved by supplements of either (1) methi- 
onine alone, (2) cystine alone, (3) methionine and cystine, 
or (4) methionine, cystine and lysine. These results together 
witli the very satisfactory growth result.s at 4 weeks indicate 
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The infiit^ncc of amino acid ^supplements on the nutritive value of soybean 
oil meal pive7i different autoclaving tnat incuts^ * 


avtoci^vvi.vo of IUW* 

M>t)ITlONb 

.vvi lunn wnioiiT 

fkotein 

feOYBEAK Olti ilKAL 

TO DlhV 

\T 

( WEEKS 

EYFICIKXCY 

r wiin. 


inn/ too /;//» 

um 

fJIH 

p/r 

•jtn protein) 




107 



Xonc 


None 

13.S 

123 * 

tj 




131 



Xoiie 


O.o evstine 

113 

137 

1.3 




:307 



Xone 


O.o inetliionine 


106 

JS 




184 






130 



Xonc 


O.o methionine 


ISO 

1.0 



0.5 cystine 

21 ^ 






32.7 



30 

100 

None 

2S7 

306 

2.1 




310 



30 

100 

O.o cystine 

32 i 

322 

2.3 




28 i 



30 

100 

O.o niotliioninc 

2S8 

286 

O O 




301 



30 

100 

0.5 cystine 

O.o metiuonine 

300 

Cl 

o 

fC 

2.2 



0..J inotliioniue 

" 205^ 



30 

100 

0.5 cystine 

0.5 lysine 

301 

208 

2.3 




161 



60 

130 

None 

108 

ISO 

1.3 







60 

130 

0.3 cystine 

160 

107 

1.5 




^16G 



60 

130 

0.3 methionine 

18S 

177 

1.5 







60 

130 

0.5 cystine 


201 

1.6 



0.5 methionine 

186 






157 



60 

’130 

0.5 lysine 

ITO 

167 

1.5 



. — 


\ 




0,5 cystine 

200 



60 

130 

0.5 methionine 

0.5 b’sine 

318 

304 

2.0 
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that 48% of soybean oil meal in the diet meets the chick’s need 
for amino acids and also that antocla\*ing at 100°G. for 30 
minutes did not destroy or render unavailable an appreciable 
amount of methionine, cystine or lysine. 

In contrast to the excellent gi’owth results obtained with 
the soybean oil meal autoclaved at 100° C. for 30 minutes, 
chicks grew poorly when fed soybean oil meal autoclaved for 
60 minutes at 130°C. This treatment had previously been 
found to decrease the retention of methionine and cystine by 
chicks (Evans and McGinnis, ’46). In the earlier work in 
which soybean oil meal supplied about 60% of the dietary 
protein, a supplement* of methionine to soybean oil meal 
autoclaved 30 minutes at 130° C. gave maximum growth. The 
results in table 1 show that supplementary methionine, cystine 
and lysine when added singly to the diet containing the over- 
cooked soybean oil meal failed to improve growth. A combina- 
tion of methionine and cystine did not correct the heat damage 
to the soybean oil meal protein. On the other hand, a combina- 
tion of methionine, cystine and lysine when added to the diet 
containing overcooked soybean oil meal corrected the amino 
acid deficiencies of the heat-damaged soybean oil meal. Since 
a combination of cystine and lysine or of methionine and lysine 
was not used, it cannot be determined from the data whether 
methionine or cystine was destroyed or made unavailable by 
autoclaving soybean oil meal at 130°C. for 60 minutes. 

nisct'ssiox 

The greater groAvth response obtained in this work as com- 
pared to that obtained earlier (Evans and McGinnis, ’46) by 
autoclaving for 30 minutes at 100°C. is probably explained 
by the difference in the amount of dietai-y protein supplied by 
soybean oil meal. The diets used in the work reported in this 
paper contained all of the protein from soybean oil meal, 
whereas, tlie diets used in the earlier work (Evans and Mc- 
Ginnis, ’46) liad about 40% of the protein supplied by dried 
brewers’ yeast and gelatin. Both of these materials are poor 
sources of inetliionine and cystine. Under the conditions of the 
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experiment reported in tins paper, niotJuoninc \s’'as not a 
growth-limiting deiicieiicy in the diets containing soybean 
oil meal autochnmd for 30 minutes at 100°C. On the other 
band, according to Gran and Abnquist (’43), the 0.26% of 
methionine and 0.46% ej'stine supplied by 48% of soybean oil 
meal would not be sufficient to meet the chick’s requirement 
for these amino acids. Gi'au and Almquist (’43) reported that 
the chick needs about 0,55% methionine and a total of 1.0- 
1.1% of methionine and cystine for maximum growth. 

The effect of methionine in correcting the heat damage to 
soybean oil meal caused by autoclaving for 30 minutes at 
130°C. in the earlier work (Evans and McGinnis, ’46) was 
probably due to the lysine supplied by the dried brewers’ yeast 
and gelatin and to less destruction of ly.sine. The failuj'o of 
lysine to correct the heat damage to soybean oil meal re- 
ported by Parsons et al. ( ’39) may have been due to a critical 
deficiency of methionine. 

The deci’eased liberation of )iitrogen fi'om soybean oil meal 
by in vitro enzymatic digestion with pepsin, trypsin, and 
erepsin caused by overcooking (Evan.s, ’46) suggests that 
the biological value might be impaired by rendering of the 
proteins indigestible. The data obtained with the chick by 
supplementing the heat-damaged soybean oil meal with 
methionine, cystine and lysine indicate that these particular 
amino acids rather than the entire proteins were affected by 
overcooking under the experimental conditions. 

SUMJtAUY 

Data obtained with chicks using a diet in which soybean oil 
meal supplied all of the protein permit the following con- 
clusions regarding the effect of autocla\dng on the biological 
value of soybean oil meal proteins : 

1. Chick growth was not improved by supplementing a diet 
containing raw soybean oil meal with cystine. The addition 
of methionine to this diet gave a growth response that was not 
maximum. 
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2. Autoclaving' raw soybean oil meal at 100°C. for 30 min- 
utes gave a luurkecl increase in its nutritive value as shown 
by chick growth, hleither methionine nor cystine nor a com- 
bination of these 2 amino acids improved chick growth when 
added to the diet containing' soybean oil meal autoclaved at 
100°C. for 30 minutes. Furthermore, a combination of cystine, 
methionine, and lysine failed to improve growth. 

3. The nutritive value of soybean oil meal was decreased 
by autoclaving at 130° C. for 60 minutes. The heat damage to 
the soybean proteins caused by this treatment was not cor- 
rected by the addition of methionine, cystine, or tysine. A 
combination of these 3 amino acids corrected the heat damage 
caused by this autoclaving treatment. 

4. The g'l'owth response given by autoclaving raw soybean 
oil meal at 100 °C. for 30 minutes was more than twice as 
great as the response given by a supplement of methionine. 
This indicates that autoclaving raw soybean oil meal improves 
the nutritive value by affecting- the availability of nutrients 
other than cystine or methionine. 

5. The methionine requirement of the chick appeai’ed to be 
not more than 0.26% when the diet contained 0.46% cystine. 
It maj'' be possible that New Hampshire chicks require less 
methionine than White Leghorns. 
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A tmiversal practice among investigators of vnminant nutri- 
tion is one of frequent reference to the importance of the 
rumen in accomplishing the disintegration of plant materials. 
Yet amazingly little is known of the nature and extent of such 
disintegration, of the responsible organisms, or of the rela- 
tion of rumen action to subsequent action in other divisions 
of the digestive tract. Consequently, a comprehensive concept 
of rumen digestion has not been possible. Progress in the 
elucidation of the chemical changes taking place in the rumen 
has been slow due to a lack of appropriate experimental tech- 
niques. In early studies with fistulated animals results were 
interpreted in terms of the percentage composition of the 
rumen contents as compared with the hay fed (Krzywanek and 
Quittek, ’36) or by comparing the composition of the rumen 
contents as digestion progressed (Silver, ’35). Burroughs, 
Ger laugh. Silver and Sehalk (’46) reported a chemical 
method for identifying individual feeds within the rumen of 
cattle receiving a mixed ration containing corn, hay and a 
protein supplement. This method was based upon a mathe- 
matical treatment of the principle nutrients contained in the 
ingested feeds and the nutrients present in the rumen ingesta. 

.pubiubcd with the approv.-,! of the Director or* the Michigan Agricultural 
Kxperiment Station ns Journal Article no. SS6 (n^,)„ 

* Present aa.lrcss. University of Chicago, Oucago, Illinois. 
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Studies of this uutuve only yield data of relative value and 
.aive little indication of the actual changes. Hale, Duncan and 
Huffman (’40), however, pointed out the application of lignin 
ratios to investigations of rumen digestion, and ^[cAnally 
(’42) reported on the value of suspending silk sacs containing 
ground straw in the rumen. These methods seem to circum- 
vent many of the complications introduced by a moving 
system and promise to yield information of a fundamental 
nature. 

In the present paper a critical appraisal of the lignin ratio 
method is made and a teclmicpie for measuring the rate of 
rumen digestion is presented. In a previous study (Hale, 
Duncan and Huffman, ’40) lignin was assumed to be in- 
digestible in the rumen, whereas the present communication 
demonstrates a method of measuring the digestibility of lignin 
in the rumen. 

5IETHODS 

Chciiiical procedures. Lignin, cellulose and other carbo- 
hydrates were determined by the procedures of Crampton 
and ^faynard (’38) and all the other nutrient values were 
obtained by the A.O.A.C. methods (’40). 

Measu-rement of concentration hi/ means of Upnin ratios. In 
a preceding paper (Hale, Duncan and Huffman, ’40) lignin 
ratios were used to calculate rumen digestion coefficients. This 
method was based upon the assumption that lignin was not 
digested to any appreciable extent in the rumen. An assump- 
tion of this character permits a measurement of the concen- 
tration of the rumen contents by comparing the per cent of 
lignin in the rumen with that determined in the ingested hay. 
The method of calculating the rumen coefficients is repre- 
sented in the following formula: 

( Per cent l ignin m hay N ^ / Per cent nutrient in rumen \ 

Per cent nutrient in bay/ \ l^er cent lignin in rumen / ^ 

Digestion coefficient of nutrient 

The validity of this method is dependent upon the degree 
to which lignin is attacked in the rumen. Evidence of the 
indigestibility of lignin was obtained by application of the 
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method to runieB mutovials (Hale, Duncan and Hutfman, ). 
xVnv digestion ot‘ lignin ^vould have resulted in low digestion 
coefficients, vet calculated rumen coefficients wc-rc high and 
approached or equaled fecal coefficients. Data of this nature 
suggest that lignin does not undergo any appreciable diges- 
tion in the rumen; nevertheless, more specific intormation 
regarding this point is necessary. Digestion trials lepoitec 
by Ellis, Matrone and ^Slapiard { ’46) mdicate that lignin i. 

not digested by the cow, sheep and rabbit. 

To fill the need for a measurement of the dif/estihihtij jJ 
lignin in the rumen, thereby enabling the investigator to 
correct rumen digestion coefficients for any discrepancies 
arising from lignin digestion, the following fonnula maj 

be used; 


(2)= 


^Pound. of ermie ^ ) 


fiber 


( pfiuntla of cel- 
Iu! o<^e 


dif3re^e(l _ ^ 

Pounil*' of lignin in bay 

T>iife>tion roefflri»*nt of lignin 


Pound "i of other \ 

C HO flige^l ed ^ ^ ™ 


This fonnula is possible since the sum of crude fiber and 
iutro"'en-free extract is identical to the sum of cellulose, other 
carbohydrates and lignin. Thus any difference in the digesti- 
bility of the 2 fractions represented in the fonnula would be 
due to the digestibility of lignin. The digestion coefficients 
derived from fonnula (1) were obtained originally by assnm- 
ino- li'min to ho indigestible. Although any digestion of lignin 
would result in calculated coefficients lower than the real 
coefficients, the ei-ror would he of the same magnitude for both 
of the involved fractions. The accuracy of the calculation 
would not be appreciably impaired because the difference 
between these 2 fractions would remain essentially unaltered. 

An idea of the applicability of fonnula (2) may be obtained 
• bv applying it to fecal material of known digestibility co- 
efficients. By using the data in columns 1 and 7 of table 2 
and columns :> and 8 of table 3 in the accompanying paper 
Hale, Duncan and Huffman (’47) found the calculated lignin 
digestion coefficients to be ol.o and 21.9/'c as compared with 
the respective actual values of 32.7 and 21..)% (table .3). These 

* l\iuinW Di B nutrioiit refpr.H to the oiiiouiit per 100 pounds of Iinv. 
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values appear to be within the limits of the experimental 
error encountered in digestion trials. 

Corrections for rumen digestion coefficients obtained by 
formula (1) can readily be made if an appreciable digestion 
of lignm is encoimtered in the rumen. In making the calcula- 
tions, tlie percentage of indigestible lignin in the hay is used 
rather than the original lignin content of that hay. For ex- 
ample, if the hay contained 15.0% lignin and if 4% of the 
lignin was digested in the rumen, then 0.15 — ( 0.15 X 0.04) 
X 100 or 14.4 would replace the 15.0% value in the formula 
for calculating the rumen coefficient. Thus, a formula free 
of any discrepancies introduced by the possible disintegration 
of lignin in the rumen is obtained with Avhich rumen digestion 
coefficients can be calculated; 

/"Per cent indig estible !fgnin in hay * ^ fcnt imtHcnt in rumen ^ jqO - 

' ^ \ Per cent nutrient in hay Pur cent Hgniu in rumen / 

Digestion cocfllcient of nutrient 

In table 3 in the accompanying paper (Hale, Duncan and 
Huffman, ’47) both the original and corrected coefficients of 
rumen digestion are presented. 

Limitations of the lignin ratio method. The lignin ratio 
method is not adapted to the study of rations containing con- 
centrates and it gives significant values for roughages only 
after rumen digestion has reached a maxunum. 

As concentrates are deficient in lignin a suitable lignin value 
cannot be obtained for measuring their concentration. In a 
mixed ration differences in the rate of passage of concentrates 
and fibrous materials Avould invalidate the calculations. In- 
vestigations of the rumen disintegration of concentrates and 
mixed rations might better be carried out by means of the 
silk-sac method described by McAnally (’42). Results ob-. 
tained by this method are limited to comparative interpreta- 
tions alone since concentrates would be retained in the rumen 
beyond the period of normal passage and, as jMcAnally’s data 
for straw suggest, a retarded digestion may occur (3 days 
required for 40% digestion). The simplicity of this method, 

• This term refers to iudigestibility iii the rumen. 
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however, aud the large number of samples that may he studied 
recommend its application in comparative and preliminaiy 
investigations. 

The limitation of the lignin ratio method for any measure- 
ment other than that of the maximum concentration in the 
rumen can readily be noted. When an animal consumes the 
feed placed before it, the freshly ingested material is mixed 
with the highly concentrated rumen contents of the previous 
digestion period. This means that a sample collected from the 
rumen immediately after feeding would indicate, on the basis 
of lignin ratios which measure concentration, that consider- 
able disintegration had occurred while in reality only a 
mechanical mixing of the hay and the previously concentrated 
rumen contents had taken place. If simple lignin ratios ai'e 
used to calculate the digestibility of diy matter in the rmnen 
at zero hours after feeding on the basis of the data in table 2 
in the accompanying paper (Hale, Duncan and Huffman, ’17), 
a value of 38.3% would be obtained. This value represents 
mechanical concentration only and indicates the magnitude 
of the error resulting from such concentration. The results 
obtained by Eathnow (’38) further demonstrate this limita- 
tion. He used the simple ratio method, employing iron rather 
than lignin, for studies of the rate of rumen digestion and 
obtained values of 32.1, 48.5 and 58.8% for the digestibility’’ 
of diy matter at 3, 6 and 9 hours, respectively, after ingestion. 
These values, particularly those for 3 and 6 hours, are unduly 
high and are of the magnitude that might be expected from 
mixing the ingesta ■with the concentrated rumen contents. 

As lignin ratios do not differentiate between mechanical 
concentration and concentration resulting from current dis- 
integrative activity, they are limited to the determination of 
the maximum concentration occurring in the rumen. For this 
purpose the method would seem well adapted and subject only 
to those errors innate in ordinary digestion trials. 

Measurement of the passage of nutrients from the rumen or 
a method for studying the rate of rumen diaestion. A moving 
system such as that encountered in the study of rumen diges- 
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tioii presents complications -wlncli must be thoroughly under- 
stood before undertaking* an investigation of the rates of 
chemical changes. In the course of a 12-hour digestion period 
hetveen feedings passage of nutrients from the rumen is 
effected by 2 distinct processes. These are (a) passage of the 
concentrated rumen contents remaining in the rumen from 
px’evious digestion periods,® and (b) separation of nutrients 
from the plant material recently ingested and subsequently 
washed from the rumen. Thu.s many nutrients pass from the 
rumen in both an indigestible and a digestible form. Any 
measure of rumen digestion other than that of maximum 
digestion must, therefore, differentiate between these- 2 tj’pes 
of passage. 

A clear distinction between these 2 types of passage is 
dependent upon the degree of completion of the digestive 
processes within the 12-hour period following feeding. If 
rumen digestion is complete at 12 hours after feeding, the 
rumen contents present at that time would not undergo any 
further change and all digestion taking place diii-ing the next 
12 hours would represent digestion of the newly ingested 
material. It is important, therefore, to examine evidence 
relating to the completeness of rumen action in the course of 
the normal 12-hour feeding interval. Hale, Duncan and Huff- 
man (’40) removed rumen contents from cows at 14 and 24 
hours after feeding. Eumen digestion coefficients as measured 
by lignin ratios were essentially unchanged, although half of 
the dry matter present in the rumen at 14 hours had passed 
from the rumen during the succeeding 10 hours. Excluding 
ether extract, which is complicated by a synthesis of fat, the 
highest value for rumen digestion obsei-ved for the 14-24-hour 
period was only 1.8%. This value is within the limits of ex- 
perimental error. It might be suggested that even if further 
digestion had occurred a proportionate removal of lignin 
might obscure this digestion. Calculations of lignin digestion 

5 This refers to any concentration of the rumen contents irrespective of the 
digestion period and also includes the material reaching a maximum concentration 
in the current digestion period. 
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using- formula (2) eliminate this possibility as zero values 
for lignin digestion were obtained at both 14 and 24 hours. A 
comparison of rumen concentration at 12 hours with fecal 
concentration gives further evidence of completed digestion. 
Fnder conditions at the Michigan Station average I'umen co- 
efficients at 12 hours for the dry matter in different lots of 
roughage varied from 45.7 to 48.7% while fecal coefficients 
for the same lots of roughage varied from 46.7 to 59.8%. 
Rumen concentration at 12 hours after feeding is thus seen 
to approach and, in some instances, to equal fecal concentra- 
tion. The uniformity of the rumen values in contrast with the 
variable fecal values further suggests a ‘‘ceiling” on rumen 
digestion corresponding to the lowest fecal concentrations ob- 
served in digestion trials. All rumen digestion coefficients for 
12 hours have approximated the level of such a hypothetical 
“ceiling” and suggest that the maximum limits of rumen 
digestion are normally reached within the 12-hour digestion 
period. The problem of a “ceiling” for rmnen digestion is 
discussed further in the accompanying paper (Hale, Duncan 
and Huffman, ’47). Miscellaneous observations of rumen 
physiology also suggest that the peak of digestion is reached 
within 12 hours after feeding. The rumen pH values begin 
to drop and reach a maximum acidity approximately 6 hours 
after feeding, after which time the values gradually increase 
to the prefeeding level (Monroe and Perkins, ’39; Hale, 
Duncan and Huffman, ’40; IMyburgh and Quin, ’43). 

The microbiological studies of Bortree (’46) on the changes 
in rumen microflora from feeding might be applicable here. 
The conclusion that rumen digestion comes to an end prior to 
12 hours after feeding would appear tenable. We may, there- 
fore, proceed to a measurement of the different tj-pes of 
passage and to a calculation of i-umen coefficients. 

In general a digestion coefficient is calculated by dividing 
the amount of a nutrient digested by the amount of the same 
nutrient in the feed and multiplying the result by 100. The 
amount of a particular nutrient digested in the rumen, and 
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hence the rumen digestion coefficient can be determined on the 
basis of the follomng relationship; 

/ V Amount of niiJriont ^ / Total of th<? Pa of nutrient in \ 

digested in rumen ■“ 'nutrient from tho rumen the undigested form / 

Measurement of the total passage of dry matter, or of a par- 
ticular nutrient, from the rumen ean readily he accomplished 
by removing and weighing the entire contents of the rumen 
at the time of feeding and again at the end of the digestion 
period under investigation. The total nutrients in the rumen 
after feeding are represented by the sum of the rumen con- 
tents at feeding and the ingested hay. The amount of nutri- 
ents present at the end of the specidod digestion period is 
subtracted from this total to give the total passage of nutri- 
ents from the rumen. As the total passage of nutrients from 
the rumen 'can thus be measured, the problem becomes one of 
measuring the passage of the concentrated rumen contents re- 
maining from the previous digestion periods, “ i.e,, the passage 
of undigested nutrients. 

Lignin values would seem readily adaptable for such a 
measurement. The percentage of lignin in the rumen contents 
at 12 hours also represents the percentage of lignin in the 
maximally concentrated rumen contents since digestion 
reaches a maximal level within the 12-hour period. The total 
amount of lignin passing from the rumen can be measured 
as above. If lignin leaves the rumen exclusively as a com- 
ponent of the maximally concentrated contents we may then 
calculate the total passage of these concentrated rumen con- 
tents as follows; 

... Amount of lignin leaving rumen _ Total amount of concentrated 
* ^ Per cent lignin in rumen at 12 hours ^ contents Passing from rumen 

The amount of undigested nutrients passing from the rumen 
during the digestion period under investigation can be deter- 
mined from formula (b). 

A question might be raised as to whether or not lignin 
leaves the rumen exclusively as a component of the maximally 

•Here again, tins includes any concentrated rumen contents passing from the 
rumen, irrespective of the time that it was consumed. 
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conceatvated rumen contents. As only small amounts of 
lignin are normally digested in the rumen (Hale, Duncan and 
Huffman, ’47) and since such digestion can readily be cor- 
rected for by the use of formula (2), the possibility of lignin 
passing in a digested state does not present a problem. The 
only remaining path of passage would be as a component of 
plant fragments not yet subjected to the concentrating action 
of the rumen. The selective passage of highly comminuted 
material from the rumen as noted by Schalk and Amadon 
(’28), however, suggests that the passage of plant fragments 
not yet subjected to the concentrating action of the rumen 
would not be significant. 

Formula (b) can be extended for a measurement of the 
passage of any particular nutrient in the xmdigested state 
since both the amount and composition of the concentrated 
rumen contents passing from the rumen can be determined. 
The calculation is represented as follows ; 


(c) 


( 


■Vmoiint o£ ligrnm leaving rtimen 


Per cent li^in in rumen 
at 12 hours 


Per cent nufrient m 
rumen at 12 hours 



Amount of nutrient 
in undigested state 


The formula for measuring rumen digestion coefficients 
may now he expressed iu the following completed form : 


(*) 


( Total amount 
of nutrient 
leaving rumen 


Amount of hsuin 
l eaving mmeu 
Per cent lignin 
it 12 honr^i 


) 




Vmoant of nutrient in hay 


Per cent nutrient 
m rumen at 
12 hours 

— k 100 = 


Digestion coefficient of nutrient 


This formula may he applied to studies of the extent of rmnen 
digestion of any particular nutrient at any given period after 
feeding, thereby permitting an investigation of the rate of 
rumen digestion. The method proposed for calculatin<^ 
digestion coefficients for dry matter and protein at 6 hours 
after feeding is illustrated by the following examples 

Data. ° 

1. Cow received 11.3 pounds of hay containing 15 2^c li-nin 

100% dry matter and 15.5% protein. ^ 

2. Kumen contents at feeding- time r? o -to -u 

previous fee«nj) rontaiued 25.2 poaads of d’rv 
Ugmu and 12.o% protein, ' 
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3. Rumen contents G liours after feeding contained 30.2 
pound-s of dry matter, 26.2% lignin and 12.8% protein. 

The total passage of all nutrients (i.e., diy matter) and of 
lignin is needed to complete the values required in 
formula (4). 

(a) Calculation of digestibility of dry matter: 

11.3 + 2.1.2 = 3G..1 lbs. of dry matter in rumen after feeding 

3G.5 — ■ 30.2 = 0,3 lbs, of dry matter wiiicli left rumen in 0 hours 

2.1.2 X 0.280 := 7.3 lbs. of ligiiiii in rumen before feeding 

11.3 X 0.1o2 = 1.7 lbs. of lignin in hay 

Total =:= 0.0 lbs. of lignin in rumen after feeding 

30.2 X 0.202 = 7.0 lbs. of ligniji in rumen at 0 hours 


BilTcrenco = 1.1 lbs. of lignin Avhieli left rumen in 0 hours 
Substitution in formula (4) gives 


0.3 — ^ 


1.1 X 1.00 
0.280 


11.3 


~ X 100 = 22.1% dry matter digested. 


(b) Calculation of digestibility of protein: 

25.2 X 0,125 = 3.2 lbs. protein in rumen before feeding 

11.3 X 0.155 = 3.8 lbs. of protein in hay 


Total = .j.O lbs. of protein in rumen after feeding 

30.2 X 0.128 = 3.9 lbs. of protoii* in rumen at 0 hours 


Difference = 1.1 lbs. of protein Avhicli left rumen in 0 hours 
Substitution in formula (4) gives 

\ 0.289 / 


1.8 


X 100 = 33.3% protein digested. 


Results obtained by applying the above method to studies 
of the rate of rumen digestion are presented in the accompany- 
ing paper (Hale, Duncan and Huffman, ’47). 


DISCUSSION 

Recapitidation of methods. The theoretical and experi- 
mental basis for the calculation of rumen digestion coefiScients 
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has heeu aaequately discussed iu the Preseute«»” 

toStaSus^f tte {“ Lghage m the rumeu to 

jtSltTsTehould be employed because of its geeatex snn- 
oUeity uud because only 1 remoyal of rumen contents is xe- 
nixel I’m- investigations of to late of r^en digestion 
temSa (3) is inadequate and the investigator must apply 
formula (4) to obtain signiflcant values. In tos mstmee 
v^en contents are removed at to beginning of to igeshon 
netiod under consideration and again at 12 honrs after ieed- 
?nv Since maximum digestion is achieved ^ton 12 honrs, 
both methods may be applied at or after that lime mth 


Livnin values fom the basis of both of these methods hut 
are used in 2 distinct ways. In the first instance they are nsed 
to indicate tlie ratio between the lignin of the iay and tbat 
of the rumen contents thereby giving a measure of the con- 
centration of the bay in tbe mmen. In tlie second instance 
lignin values are not used to measure concentration but ratber 
to measure tbe amount of nutrients passing from tbe rumen 
in the digested and undigested form. Tbe actual amounts are 
then used to calculate digestion coefficients. .A. metbod of 
measuring the rumen digestion of lignin is presented in 
formula (2) so that any discrepancies resulting from the 
digestion of lignin in tbe mmen may be eliminated. 

These methods, while seemingly well adapted to studies 
with roughages, are not suitable to studies of mixed rations 
since concentrates are low in lignin and pass from tbe rumen 
more rapidly than ronghages. It is suggested that rations 
containing concentrates may best be studied by use of the 
silk-sac metbod employed by McAnallr ( ’42). The limitations 
of this method have been noted. 

Problems of tbe chemical changes occurring in the mmen 
readily yield themselves to investigation by a combination 
of the methods described herein. 
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What is measured? Some question might arise as to whether 
these methods measure true digestion, i.e., the effective solu- 
tion of nutrients, or a mere mechanical passage of plant 
particles which escaped the digestive processes. In view of 
the selective passage of highly comminuted material from the 
rumen (Schalk and iVmadon, ’28) and the tendency toward 
stagnation in the rumen, it is unlikely that any appreciable 
passage of plant particles not yet thoroughly subjected to the 
disintegrative action of the rumen would take place. This 
means that passage from the rumen is almost wholly in the 
form of either maximally concentrated rumen contents or of 
soluble nutrients. As the method presented herein differen- 
tiates between these 2 types of passage, it may be considered 
to measure an actual solution of nutrients. 

Values for rumen digestion coefficients obtained by the 
methods presented are neither unduly high nor low (Hale, 
Duncan and Huffman, ’47). They are well distributed over 
the entire range of possible values with nutrients of high 
digestibility approaching the upper limits and those of low 
digestibility neai’ing the lower. This condition is not likely to 
be obtained if any appreciable amount of plant material 
passed from the rumen before reaching the maximum state 
of digestion. Extremes observed were the zero digestion 
coefficient for crude fiber at 6 hours after feeding and the 
65.2 and 83.0% digestion at 12 hours for nitrogen-free ex- 
tract and other carbohydrates, respectively. The last 2 values 
represented 100.2 and 101.6% of the fecal concentration of 
these highly digestible nutrients, an unusually precise co- 
incidence. 


SUMMARY 

Methods for calculating the maximum digestion in the 
rumen on the basis of lignin values have been extended to 
include techniques for measuring the rate of rumen digestion 
and the digestibility of lignin in the rumen. 

Principles forming the basis for rumen digestion calcula- 
tions receive special attention. 
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By applying new techniques to studies of rumen digestion 
of alfalfa hay in the bovine, Hale, Duncan and Huffman ( ’40) 
first demonstrated the magnitude of the chemical changes 
taking place in the rumen. Since that time the method of in- 
vestigation has been extended to permit a study of the rate, as 
well as the magnitude, of these chemical changes (Hale, Dun- 
can and Hnffman, ’47) and the results have been compared 
quantitatively with digestion in other portions of the digestive 
tract. The microbiological aspects of the chemical changes 
have been considered, with special emphasis on fat synthesis. 
The results obtained by applying these methods to studies on 
the rate of rumen digestion are presented in this paper. 

METHODS 

Rumen digestion coefficients were measured by the lignin- 
value method of Hale, Duncan and Huffman ( ’47). In aU trials 
with the 2 rumen fistula cows the entire contents of the rumen 
were removed, weighed, mixed, sampled and returned im- 
mediately to the rumen after a representative sample of 7-10 
pounds had been taken. Enough alcohol was added to give 
approximately a 50% concentration. The samples were stored 

• Published with tlie upprov.il oi the Director of the Miebigau Agricultural Ex- 
jH'riment Station as Journal Article no. S87 (n. 3 .). 

’ Present address, University of Chicago, Chicago, IlUnois. 
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in the cold and subsequently dried in a current of wai'ui air at 
24°0. Samples were removed from cow I? -4 at 6 and 12 hours 
and from animal B-l at 14 and 24 hours after feeding. A 
period of from 1 to 2 weeks was allowed between such re- 
movals of rumen content to insure complete resumption of 
the normal function of the rumen. 

In sj)ecial studies of fat synthesis 3 cows were fed basic 
beet pulp rations low in fat. The specific rations are given in 
table 5. Representative samples were taken from the rumen 
of cow R-1 which was fed 2 different beet pulp rations. The 2 
cows, C-167 and D-11, were slaughtered aiid representative 
samples of the rumen contents were taken immediately. These 
samples were taken to the laboratory and dried at once on the 
steam bath. Since lignin values are not applicable for meas- 
uring the concentration of the beet pulp rations in the rumen, 
the concentration was assumed to be 90% of the fecal concen- 
tration, a value suggested by studies of the rumen concentra- 
tion of alfalfa. Morrison (’45) gives 71,8% for the fecal 
digestion of dried beet pulp. Ninety per cent of this value 
gives 64.6 as the maximum concentration likely to occur in 
the rumen. Under the conditions of this experiment, the 
theoretical increase of fat in the rumen can be calculated as 
follows when the beet pulp ration compidses 0.43% fat and 
the rumen contents actually contain 2.71% fat 8 hours after 
feeding (table 5) ; 

(.0043 X .646) X 100 = 0.28% incrense of fat due to concentration 
0.43 4- 0.28 0.71% fat after concentration occurred (theoretical) 

/2.71 — 0.7l\ 

I I X 100 = 281./% actual increase of fat m rumen 

V 0.71 / 

Differences in the gross and net increases observed in table 5 
emphasize the importance of eliminating increases due to the 
concentration of digestion when evalnating rumen synthesis 
in order to make the final test for fat synthesis more critical. 

Lignin, cellulose and other carbohydrates were determined 
by the procedures of Crampton and Maynard ( ’38), fatty acids 
by the method of Horwitt, Cowgill and Mendel (’36), and all 
other nutrient values by the A.O.A.C. methods (’40). 
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RESULTS 

Data relating to tlie removal of rumen contents are pre- 
sented in table 1, and the percentage composition of the alfalfa 
hay and rumen contents is shoivn in table 2. Eumen digestion 
coefficients calculated at various periods subsequent to feed- 
ing are presented in table 3. Values for 12 hours or more after 
feeding were obtained by using formula (1) and those for less 
than 12 hours by formula (4) of Hale, Duncan and Huffman 
(’47). Fecal digestion was determined by the usual digestion 
trials. In all instances coefficients for the rumen digestion of 
lignin were calculated by using fonnula (2) of the above 

T.ABLI: 1 


llxe amount and percentage of dry matter in the rumen. 


HOURS 

apter 

PRY 3/ATTEE 
rzD 

TOT^ri CONTEST 

01* EUilEK 

DRY MATTES IK BCMEK 


lbs. 

lbs. 

Cow no. R-i 


lbs. 

6 

11.3 

185 

16.3 

30.2 

12 

11.3 

177 

14.6 

25.8 

6 

11.3 

185 

16.2 

30.0 

12 

11.3 

174 

Cow no. R'l 

14.2 

24.7 

14 

8.S 

132 

14.2 

18.7 

24 

8.8 

65 

14.5 

9.4 


T-VBXjE 2 


Percentage composition of alfalfa hay and rumen contents on the dry basis. 


N'CTRIEKT 

cow so. R*4 


cow KO. S'l 


AV. OP 8 TSL^I.3 

AltaUa 

hoy 

Kamen 

AUaUa 

Kntnen 

Alfalfa 

hoy 

Rumen 

Ghr. 

12 hr. 

hay 

14 hr. 

24 hr. 

12—14 hr. 

Protein 

15.5 

12.8 

12.5 

17.0 

11.8 

11.0 

16.6 

13.0 

Ether e:ctract 

1.6 

2.5 

2.3 

1.3 

3.9 

1.5 

2.0 

2.5 

Crude fiber 

31.4 

43.G 

44.8 

38.1 

52.0 

51.5 

33.3 

47.0 

X-F extract 

45.1 

31.9 

33.5 

36.9 

24.7 

24.6 

41.1 

27,7 

Cellulose 

34.7 

37.0 

36.7 

31.3 

37.8 

34.6 

33.6 

36.8 

Other CHO 

20.6 

12.3 

10.7 

26.1 

4.0 

8.5 

24.9 

8.2 

Lignin 

15.2 

26.2 

2S.9 

17.6 

34.8 

33.0 

16.1 

30.2 

Prv matter, 









lbs. 

11.3 

30,2 

25.2 

S.S 

18.7 

9.4 
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authors. Bumeu coefficients corrected for lignin digestion are 
given in column 7 of table 3 and were obtained by using for- 
mula (3) of Hale, Duncan and Huffman (’47). The rumen 
coefficients at 12, 14 and 24 hours were not in need of correc- 
tion as lignin was not observed to bo digested in those trials. 
At 6 hours, 3.7 % lignin was observed to be digested but since 
the value at 12 hours for the same lot of hay and the same 
animal was — 0.4% the first value was considered to be largely 
an experimental error and corrections were not made. The 
average rumen coefficients for 8 trials at 12 to 14 hours after 


T.U3LE 3 

IRvmoi and fecal digestion coefficients. 



cow NO. R-4 


cow N 

0 n-i 

.\v, 

, or 8 TRi.\r.s 

NUTRIENT 

Rumen 

Fecal 

Rumen 

Rumen 

Focal 


G hr. 

12 hr. 

14 hr. 

2 i hr. 

12-14 

hr. 

Cor- 

rected 

Dry matter 

22,1 

47.8 

59.8 

50.0 

46.6 

47.1 

48.4 

57.0 

Protein 

33.3 

Cl.l 

69.7 

66.7 

C6.7 

58.6 

59.6 

69.1 

Ether extract 

72.2 

33.3 

43.2 

26.3 

38.6 

32.5 

35.4 

19.3 

Crude liber 

—0.3 

25.7 

49.6 

32.4 

29.4 

25.5 

27.2 

46.9 

N-P extract 

45.1 

62.7 

68.5 

65.6 

62.5 

64.6 

65.2 

65.1 

Cellulose 

12.8 

43.6 

63.1 

39.3 

42.9 

42.1 

43.4 

55.0 

Other CHO 

53.3 

80.0 

74.7 

91.3 

82.6 

81.8 

83.0 

81.7 

Lignin 

3.7 

—0.4 

32.7 

0.0 

0.0 

3.1 

3.1 

21.5 


^ Corrected for lignin digestion. 


feeding mclude data previously reported by Hale, Duncan 
and Huffman (’40). This number of trials should establish 
the maximum digestion of alfalfa hay in the rumen with some 
degree of certainty. A more graphic presentation of the rate 
of rumen digestion and of digestion in the remainder of the 
digestive tract is given in table 4. Data for cow B-4 were used 
to calculate digestion coefficients for the first and second 6- 
hour periods and data for cow E-1 to calculate the coefficients 
for the second 12-hour periods. Average rumen and fecal co- 
efficients for the 8 trials were used in computing digestion 
coefficients after passage of material from the rumen. 

Dry matter was digested at an even rate throughout the 12- 
hour digestion period with an average digestion of 48.4% 
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oUaiued at I2~U hours. Protein, nitrogen-free extract and 
other earhohydrates were very rapidly removed during the 
first 6 hours. During the second 6 hours these nuti-ients were 
removed at approximately the same rate as the other nutrients. 
Average coefficients at the 12-14-hour period were 59.6, 65.2 
and 83.0%, respectively. Crude fiber was not digested during 
the first 6 hours but the average coefficient at 12-14 hours was 
27.2%. Apparent lignin digestion was only 3.1% at the 12-14- 
hour period (table 3). Cellulose was digested largely during 
the second 6-hour period when 30.8% was digested as con- 
trasted with 12.8% digested during the first 6 hours (table 4), 

table 4 


The disintegration of alfalfa hay in the ruminant digesiive tract. 



2 St 

6 hr. 

Etritrx 

Sad 

6hrA 

Sad 

13 hr,^ 

mUESTIOX 
ATTK^ LEAVIxa 

BUi/EX 

DIGESTIOir 

AS PXB CSST 

or rsCAij 

DIOESTIOX * 



ro 

% 


<rc 

Dry matter 

22.1 

25 . T 

— 3.4 

8.6 

84.9 

Drotein 

33.3 

27.8 

0.0 

9.0 

86.3 

Ether extract 

72.2 

105.5 

12.3 

— 16.1 


Crude fiber 

^.3 

26.0 

— 3.0 

19.7 

58-0 

extract 

45.1 

17.6 

— 3.1 

— 0.1 

100.2 

Cellulose 

12.S 

30.8 

3.6 

11.6 

78,9 

Other CHO 

53.3 

26.7 

— 8.7 

— 1.3 

101.6 

Lignin 

3.7 

~~iA 

0.0 

18.4 

l-i.-l 


* Difference betiveen columns 1 and 2 in table 3. 
^Difference between columns 4 and 5 in table 3, 

* Difference between columns 7 and 3 in table 3. 

* Obtained from columns 7 and S in table 3* 


When removal of the rumen contents was delayed until 24 
hours after feeding, the highest increase in digestion, exclud- 
ing ether extract which is complicated by fat synthesis, was 
only 3.6% (fable 4). This slight digestion of ceUuIose during 
the second 12 hours is in marked contrast to the great activity 
of the first 12 hours. The digestion of lignin after 24 hours in 
the rumen was obsei-ved to be zero in this instance. 

After the plant fragments passed from the rumen an aver- 
age of 8.6% of the dry matter was digested (table 4). Xitro- 
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gen-free extract and other carbohydrates were not further 
digested after leaving the rumen. Of the other nutrients 
protein averaged 9.5, lignin 18.4, cellulose 11.6, and crude 
fiber 19.7% digestibility in the lower digestive tract. The 
average lignin digestion of 18.4% is in marked contrast to 
the average rumen value of 3.1%. Lignin was the only nutri- 
ent digested to a greater extent after passing from the rumen 
than while in the rumen. 


TABLE 5 


Increase in the ether extract content of the rumen over that in the ration. 


COW 

KO. 

ItATIOX 

TIME 

.\FTEi; 

KEEDINO 

ETIIEIl 
EXTBAOT 
IX RATION 

ETIIEr 

EXTRACT 

IN RUMEN 

GROSS 

INCREASE 

NET 

increase * 



hm. 

ro 

C'o 

Ci 


HA 

25 lbs. alfalfa 

0 

1.G2 

2.46 

51.7 

54,9 

HA 

25 lbs. alfalfa 

12 

1.62 

2.14 

32.1 

—28.6 

E-1 

30 lbs. alfalfa 

14 

0.50 

1.10 

120.0 

2G.3' 

B-1 

20 lbs. alfalfa 

14 

0.69 

0.83 

20.6 

—33.2 ’ 

E-1 

Beet pulp -f C ^ 

10 

0.25 

1,10 

340.0 

169.0 “ 

E-1 

Beet pulp + M + S * 

8 

0.43 

0.66 

53.5 

—7.0 

C-167 

Beet pulp -f -f S ^ 

8 

0.43 

1.39 

223.3 

95.8 

B-11 

Beet pulp + M -f S * 

8 

0.43 

2.71 

530.2 

281.7 


^ After increase due to concentration of digestion was eliminated. 

* Fatty acid values used. All others are ether extract values. 

* 12 lbs, beet pulp plus 0.25 lbs. casein, 

^10 lbs, beet pulp plus 5 lbs. molasses plus 2 lbs. starch. 


When ether extract values were used with an alfalfa hay ra- 
tion, synthesis was observed at the height of digestion only, i.e., 
6 hours after feeding when an increase of 54.9% was noted. A 
summary of the data on fat synthesis is presented in table 5. 
During the second 6 hours there was a rapid dissipation of the 
accumulated fat which carried over into the second 12-hour 
period (table 4) . When fatty acid values were used a synthesis 
was observed at 14 hours after feeding on a 30-pound hay 
ration but when the ration was reduced to 20 pounds per day 
a negative digestion coefficient of 33.2% was noted. Net in- 
creases in fat on the beet pulp ration varied from — 7.0 to 
281.7%. These variations occurred independently of the added 
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supplements. The highest value, 281.7%, was obtained from 
ether extract determinations. A high value of 169.0% was 
observed when fatty acid values were used. 

DISCUSSION 

Although many details of the basic chemical changes oc- 
curring in the rumen are as yet missing and stand in need of 
further investigation, sufficient data have been accumulated 
to permit a consideration of some of the salient features. 

Dry matter was digested at an even rate throughout the 
12-hour digestion period. During the first 6 hours the pre- 
dominant phenomenon was the rapid disappearance of the 
more soluble nutrients, proteins and carbohydrates, from the 
rumen. Cellulose was only slightly digested and lignin and 
crude fiber escaped disintegration. The slow rate of digestion 
of cellulose during this period suggests that bacterial action 
was not extensive. However, Baker ( ’39) obseiwed that hemi- 
cellulose and pectic substances are readily attacked by the 
iodophfle microflora of the rumen and bacterial action of this 
nature may he responsible for much of the carbohydrate di- 
gestion observed. "Whether the microorganisms play a role 
in the metabohsm of the protein which was so rapidly removed 
from the plant skeleton is not clear. 

During the second 6 hours after feeding cellulose was 
rapidly disintegrated. The digestion of both proteins and 
carbohydi-ates paralleled the digestion of cellulose. Digestion 
of lignin in the rumen never exceeded more than a few per 
cent. The marked contrast between the fate of lignin in the 
rumen and in other parts of the digestive tract suggests that 
functionally the rumen is not a factor in the degradation of 
lignin. This point is particularly supported by the observa- 
tion that although the fecal digestion of lignin in the hay fed 
cow R-4 was 32.7%, the digestion of lignin in the rumen 12 
hours after feeding was zero. The rapid removal of cellulose 
durmg the second 6-hour period indicates that the cytoplastic 
processes of the iodophile microorganisms described by Baker 
(’42a) and observed by Bortree (’46) are likely to be the pre- 
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cloiiiiiiant plienoinena throughout this period. By oinploying 
polariscopic techniques Baker (’39) and Bortree (’46) have 
observed that the contours of the area of disintegration of 
plant fragments removed from the rumen correspond pre- 
cisely with the location of the microorganisms. This observa- 
tion is highly indicative that the observed organisms are the 
effective agents of disintegration in the rumen. Eumen micro- 
organisms are apparently capable of digesting vddely varying 
amounts of roughage with equal efficiency since Hale, Duncan 
and Huffman (’40) did not observe any differences in the 
extent of rumen digestion of alfalfa hay when fed at levels 
vai'ying from 10 to 30 pounds per day. 

Rumen digestion was observed to come to a standstill within 
12 hours after feeding and a maximum level of digestion was 
always obtained at this time. No significant increase in di- 
gestion coefficients was observed when the removal of rumen 
contents was delayed until 24 hours after feeding instead of 
12 hours. 

The marked decrease in rumen digestion during the* second 
12-hour period is in contrast to the high rate of digestion ob- 
sei'ved during the first 12-hour period. Rumen digestion co- 
efficients for the various lots of hay used in these studies 
varied from 45.7 to 48.7% while fecal coefficients for the same 
lots of roughage varied from 46.7 to as much as 59.8%. Rumen 
coefficients thus appear to remain constant, irrespective of the 
fecal digestibility of the hay. This suggests a “ceiling” on 
rumen digestion, corresponding to the lowest level of fecal 
digestion usually observed in digestion trials. The probable 
role of lignin in imposing this “ceiling” on rumen digestion 
has been suggested by digestion trials at this station (Hale, 
Duncan and Huffman, ’47). The fecal digestion of lignin was 
observed to vary from zero to as high as 47%. IVhen the di- 
gestibility of lignin was zero, fecal digestion for dry matter 
corresponded to the average rumen digestion of dry matter. 
When fecal digestion of lignin was noted, the fecal digestion 
of dry matter was observed to exceed rumen digestion co- 
efficients in direct ratio to the amount of lignin digested. 
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Evidence is thus obtained that the chemical composition of 
the plant material imposes certain limitations upon the ac- 
tivity of rumen microflora. The data suggest that lignin, vrhich 
is relatively indigestible in the rumen, is important in impos- 
ing a limit on the rumen digestion of roughages. In this 
connection Baker and Martin (’37) and Baker (’39) repoi'ted 
that highly lignified tissues remained intact while slightly 
lignified tissues rich in hemicellulose were rapidly disorgan- 
ized. Cutin and suberin were not attacked by the iodophile 
bacteria and therefore conferred immunity to the structure 
in which they were incorporated. 

After the plant fragments pass from the rumen lignin is 
digested to a variable extent. This digestion is most likely 
produced by the acid content of the abomasmn, since lignin is 
known to be partially soluble in dilute acid solution (Harris 
and Mitchell, ’39), as well as some enzyme present in the 
gastric juice (Csonka, Phillips and Jones, ’29). In any event 
the valuable digestion of lignin after its passage from the 
rumen exposes cellulose and protein to further decomposition 
in the caecum. Under the conditions of these experiments an 
average of 11.6% cellulose and 9.5% protein was released in 
this manner after passing from the rumen. This digestion is 
most probably brought about by the iodophile microflora of 
the caecum and herein lies the major function of that organ in 
the ruminant animal. As this digestion is quite variable and 
usually not very extensive, the caecum can be considered to 
act only in a supplementaiy capacity to the rumen. Regarding 
the function of the caecum in ruminants Baker ( ’39) states, 
“Thus, whereas in the caecum of nonruminants the disinte- 
gration of cellulose is actively in progress, in the caecum of 
ruminants the changes taking place in the rumen have long 
•since come to a standstill.” He further observed that plant 
fragments in the caecum are in an advanced stage of disinte- 
gration but that the iodophile microorganisms so conspicuous 
upon them in the rumen are, for the most part, absent from 
the still visible areas of erosion. 
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In contrast to the rapid rate of rumen digestion reported in 
this paper, McAnally ( ’42) found that several days were re- 
quired to obtain any considerable digestion in sacs suspended 
in the rumen. The causes of the impeded digestion are not 
altogether clear but it is probable that the lack of direct 
mastication, salivation and rumination was responsible. This 
suggests that these physical factors acting upon ingesta be- 
fore it leaves the rumen serve to accelerate the rate of rumen 
digestion. Baker and Martin ( ’37) noted that gross fracture 
of the plant structures facilitated entrance of microorganisms. 
The degree to Avhich such relationships are effective needs 
further clarification. 

Rmnen synthesis of fatty acids was demonstrated with both 
alfalfa hay and beet pulp rations. Since the net increases 
sho^vn in table 5 do not include the increases resulting from 
the concentration of digestion, these values are considered 
especially significant. The observation that synthesized fat is 
rapidly dissipated from the rumen together with calculated 
increases approaching 300% indicates that fat sjmthesis may 
be sufficient to make a highly significant contribution to the 
nutrition of the ruminant. Whether or not the fatty acids 
observed in the rumen are intermediate or end products of 
digestion is not clear. Baker ( ’39) found that the iodophile 
microflora of the rumen not only digest cellulose but also act 
as acceptors for the products of digestion. He concluded pro- 
visionally (Baker, ’42b) that materials synthesized in the 
rumen, such as polysaccharides, rather than the initial prod- 
ucts of digestion, such as organic acids, are utilized by the host 
animal. Van der Wath and Myburgli ( ’41) are of the opinion 
that iodophile bacteria are able to synthesize glycogen within 
their bodies by utilizing the products of digestion. It may 
be, therefore, that the increases in fatty acids observed herein 
were due to an accumulation of the initial products of diges- 
tion not yet synthesized to polysaccharides by the microflora. 
Synthesis of the fatty acids to polysaccharides could further 
account for the rapid dissipation of the fatty acids from the 
rumen. On the other hand, the fatty acids may be utilized by 
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til© animal as sucli or may repi’Gsent products of bacterial 
metabolism. Controlled microbiological studies are necessary 
for tbe resolution of this problem. Tbe nature of tbe fatty 
acids present in tbe rumen was not investigated. 

SUMiUBY 

Studies of tbe ebemical changes in tbe rumen suggest tbe 
following salient features regarding tbe fate of rougbage in 
tbe ruminant digestive tract : 

1. During tbe first 6 bonrs after feeding tbe predominant 
pbenomenon was tbe rapid digestion of proteins and earbo- 
bydrates. Decomposition of cellulose began during tbis peinod 
but was not extensive. 

2. Tbe predominant pbenomenon during tbe second 6 hours 
was tbe rapid disintegration of cellulose. Digestion of jiro- 
teins and carbohydrates in tbis period paralleled tbe digestion 
of cellulose. Although small amounts of lignin may be at- 
tacked in tbe nxmen, functionally tbe rumen is not a factor in 
lignin digestion. 

3. Rumen digestion was observed to come to a standstill 
within 12 hours after feeding. Prolonging tbe digestion 
periods to 24 hours did not increase rumen digestion coeffici- 
ents. Lignin apparently protects plant fragments from further 
action by rumen mievoflora. 

4. Average i-umen digestion coefficients for 8 trials at 12~ 
14 hours after feeding were: diy matter 48.4, protein 59.6, 
nitrogen-free extract 65.2, crude fiber 27.2, cellulose 43.4, other 
carbohydrates 83.0 and lignin 3.1%. 

5. After plant fragments pass froju tbe rumen variable 
amounts of lignin may be digested, thereby exposing varying 
amounts of cellulose and protein to further digestion. Fecal 
digestion was observed to be quite variable even though rumen 
digestion of tbe same lots of bay was very constant. 

6. Tbe caecum plays only a supplementary role in tbe dis- 
integration of rougbage within tbe ruminant organism. An 
average of 11.6% of the cellulo.se and possibly .0.5% protein 
was observed to be digested in tbe caecum. 
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7. The production of fatty acids in the rumen was demon- 
strated. Maximum increases, after the increase due to di- 
gestion was eliminated, were 54.9%’ on an alfalfa hay ration 
and 281.7% on a beet pulp ration. 

8. The rapid dissipation of fatty acids from the rumen 
together with the marked increases noted suggests that fatty 
acids may make a highly significant contribution to the nutri- 
tion of the ruminant either as an intermediate or end product 
of digestion. 
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